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1. INTRODUCTION 


For many years oat growing in the Netherlands was based chiefly on foreign 
varieties. During the last few years the situation has changed owing to successful work 
by Dutch breeders. The present article reviews oat breeding in the Netherlands and 
gives information on seed production and on statistics of this cereal. 


2. OAT VARIETIES GROWN TOWARDS THE END OF THE PAST CENTURY 


The leading varieties grown during the second half of the past century were Gronin- 
ger dikke witte, Probsteier, Zwarte voerhaver and Zwarte President. Probsteier, a 
yellow oat, was a German land race that had spread widely in the Netherlands. 

Zwarte President (Black President or Mesdag oat), an early maturing, black oat, is 
the only variety of this group that has remained in cultivation, because of its low lime 
requirements and its resistance to copper deficiency. The history of Zwarte President 
can be traced back to about 1860. At that time it was put on the market by J. DE JONGE, 
the president of a drainage-district association. For this reason the farmers called the 
new black oat “Zwarte President” (Kok, 7). It was grown especially in the region of 
the “peat colonies” (settlements on reclaimed peat moors) and on newly reclaimed fen 
moors or heath. Now that the nature of the deficiency disease prevalent on new land is 
known and the application of copper sulphate has been found to be an effective remedy, 
Zwarte President is not often cultivated since other varieties give considerably higher 
yields. In 1933 about 20,000 ha were sown with it, in 1953 about 1560 ha. 

Zwarte President has also been put on the Belgian and German lists of varieties. In 
France DE VILMORIN brought out a selection called Avoine noire de Mesdag. 


3. THE FIRST BREEDER OF OATS IN THE NETHERLANDS 


J. Oost ELEMA a farmer at Middelstum (Groningen) devoted himself to seed produc- 
tion, especially of winter barley and oats. He selected in black fodder oats among other 


crops. In a communication dated February 1889 (1) he reported that the second hybrid 


generation of white x black oats produced grains of various shapes and colours. 


4. THE PLANT BREEDING FARM IN THE WESTPOLDER 


The basis of this breeding farm was laid by J. H. MANSHOLT, one of the first settlers 
in the Westpolder. This land was reclaimed about 1876. Where once the waves had 
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free play a breeding establishment arose on fertile soil protected by embankments 
more than 5 m high. 

J. H. MANSHOLT (1844-1914) devoted himself to producing seed of various “land 
races”. At first he worked with wheat, later with oats, especially with the German oat 
variety Probsteier. As he bestowed great care on seed growing and started from indivi- 
dually selected plants it is understandable that seed production soon developed into 
plant breeding. In assessing the merits of the progenies of the various selections differ- 
ences were often observed and thus new varieties could be brought out. 

The application by MANSHOLT of pedigree methods is an important event in the his- 
tory of plant breeding in our country (De HAAN, 3). 

For many years MANSHOLT only selected oats, without making crosses. No doubt 
the difficulty of crossing oats had something to do with it. The breeding work was con- 
tinued and extended by his son, Dr R. J. MANSHOLT. In the course of time many oat 
varieties were bred, amongst others the yellow oats Improved Probsteier (1899) and 
Mansholt’s haver I (1915); the white oats Mansholt’s haver II (1905), Mansholt's 
haver [a (1911) and Mansholt’s haver IIb (1912). From a cross made by the father in 
1909 between Mansholt’s haver II and Svalöf’s Victory the son bred Mansholt's haver 
[II (1920). This variety combined the attractive grain of Victory with the stiff straw of 
Mansholt’s Il and also gave a good yield. Mansholt's III was maintained for many 
years, but received competition from two other varieties developed by the same breeder, 
the white oats Binder and Wodan. Binder, a selection from Carsten’s oat III, was 
introduced in 1931. This variety is characterized by a compact panicle and stiff straw. 
Binder figures also on the Belgian and French Lists. 

Wodan was obtained by selection in the black oat Orion II and was entered on the 
List in 1941. 

The latest variety produced by the breeding establishment at Westpolder is Major 
oat, introduced in 1952. Major is an early maturing white oat, originating from the 
cross Binder x Eagle made in 1932. It is distinguished by its thin husk. This variety 
stands in the joint names of the co-operating breeding establishments G. Geertsema & 
Co, Groningen; Royal Breeding Establishment & Seed Company D. J. van der Have, 
Kapelle-Biezelinge and Dr R. J. Mansholt’s Breeding Establishment Ltd, Westpolder. 

Oat breeding — and indeed breeding work in general — at Westpolder is now executed 
by the youngest son Ir U. MANSHOLT. 


5. THE BREEDING ESTABLISHMENT OF P, J. HIJLKEMA AT MENSINGEWEER (Gr.) 


In 1916 P. J. Hit KEMA, a farmer in northern Groningen, started breeding crop 
plants on a small scale as a hobby. In the course of time this activity widened in scope 
and with peas, fibre flax, winter barley and oats HL KEMA has obtained notable results. 

About 1925 he released the black oat Triumph and the white oat Record. In 1939 
HIJLKEMA (5) reported that he was devoting himself exclusively to the improvement of 
white types. He selects in hybrid populations for plump grain and stiff straw maturing 
simultaneously with the grain. 

HIJLKEMA succeeded in developing the very productive Marne oat. This variety results 
from a cross between Echo and Eagle made in 1930. The significance of Marne oat 
for Dutch agriculture is shown by its rapid extension. Introduced in 1946 it occupied 
3 % of the area devoted to oats in 1947, and quickly spread to cover 63 #5 of the 
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acreage in 1953. (This means that of the 156,000 ha under oats in the Netherlands that 
year, 98,280 ha were sown to Marne.) This variety also figures on the Belgian List. To 
HILKEMA belongs the credit of having created oats that could rank with the Swedish 
varieties, which had been extensively grown in the Netherlands for many years. 

The same breeder developed Expres oat from the cross Eagle x Mansholt’s UI. It is 
characterized by rapid growth, stiff straw, fairly early maturity and a large-sized, 
white grain. It was introduced in 1941 and figures also on the Belgian List. 


6. THE BREEDING ESTABLISHMENT ““CENTRAAL BUREAU)’ AT HOOFDDORP 


The Breeding Establishment C.B. (Director: Ir C. KOOPMAN) at Hoofddorp began 
oat improvement in 1937 with a series of crosses in which Flämingsgold was one of the 
parents. In order to be able to start selection within the population at an early date the 
9 crosses made in 1937 were raised in a greenhouse in the winter. In the winter 1938/39 
an extra generation was grown in Indonesia. Thus it was possible to obtain an Fe in 
1941 and to separate lines from it. 

The cross Dippe's Early x Flämingsgold produced the white oat Libertas, which 
has figured on the List since 1949. The new variety Pendek (Flämingsgold x Binder), 
with very short and stiff straw, has been placed on the List for 1954. 

Ir KooPMAN (8) stated that the main problem in oats was breeding for resistance to 
sprouting. By including byzantina oats in the breeding programme he thinks that it will 
be possible to introduce the tendency to delayed sprouting, characterizing many races 
of this group, into our oat varieties. 

Ir KOOPMAN is assisted in his oat-breeding work at the Central Bureau by Ir P. 
SCHELLING. 


7. OTHER DUTCH OAT BREEDERS 
H. B. VEERKAMP (Nieuwe Compagnie) selected Preferent from Black President 


(1916); R. J. pr VROOME (Assen) bred the black oat Trenctria (1925) from the cross 


Black President x Victory and the Institute of Agricultural Plant Breeding 


__ (Wageningen) developed Van Citters oat (1925). 


Among the younger breeders I would like to mention the workers of the Breeding 
Establishment C.I.V. at Ottersum. Ir P. C. REEKERS, in charge of oat breeding, con- 
centrates on types for sandy soils. The yellow Civena oat (Eagle Xx Carsten Yellow) 


_ produced a good impression on the trial fields and has been placed on the List for 1954. 


8. MAINTENANCE OF OAT VARIETIES 
In a previous article 1 gave the following particulars relative to the maintenance of 


Marne oat (DE HAAN, 4). 


“The breeder P. J. HILKEMA, Mensingeweer (Gr) was so kind as to communicate to 
me a few data concerning the maintenance of the oat variety Marne. This variety 


_ originated in 1930 from the cross Echo x Eagle and was released in 1946. Almost 
_ every year about 100 of the best heads are taken from a plot of breeder seed that has 
_developed under normal circumstances. They are threshed separately and some 50 are 
_ selected to be planted on separate plots of 4 to 5 rows, 25 cm apart, with a distance of 
_ 7.5 cm. Of these 50 first year’s rows approximately one half is retained and harvested 


hin ET Sne Whe 
7 A ak N 


f separately, and of these about 15 are selected for multiplication. The plots with the 
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second year’s lines are from 20 to 25 m?. Of these about 10 are selected for yield determi- 
nation, and on an average 8 of these second year’s lines are bulked together to be in- 
creased on a field of 1.25 to 1.50 ha. The harvest may amount to 5000 to 6000 kg of seed. 
When all is utilized 40 to 50 ha of breeder seed are grown. Evaluating the yield of 
cleaned seed per ha at 3500 kg we arive at 140000 to 175000 kg to produce in the first 
place foundation seed while the rest is sealed as original (registered). A small part 
remains as reserve (in case of eventual crop failure). 

In a variety such as Expres developed by the same breeder, but which is not widely 
grown and of which consequently only little breeder seed is needed, as a rule only one 
of the best lines is increased to breeder seed.” 

Other breeders use similar methods. 

The foundation seed obtained from breeder seed is inspected by the N.A.K. (Gene- 
ral Netherlands Inspection Service) and, if approved, multiplied to original seed, which 
is put on the market (of course after certification by the N.A.K.). 

In general it takes 6 years of multiplication from selected elite plants to original seed. 


9. PRODUCTION OF SEED OATS IN THE NETHERLANDS 


To illustrate the procedure followed in seed multiplication in the Netherlands a 
survey is given in Table 1 of the number of hectares of Marne oat that were approved 
during the period 1946-1952. The figures show that the area devoted to seed produc- 
tion by growers acting independently of the breeder is much larger than the area de- 
voted to the production of original seed by the breeder. 


TABLE 1. SEED PRODUCTION OF MARNE OAT 

Number of hectares of Marne oat approved as 
Ke Bi once grown *) | twice grown ee total 

propagations 

ĳ 
TOZO on 78 130 — — 208 
TORT cm 225 744 117 2 1088 
TOL 170 2041 411 24 2646 
LOADEN LEN 264 2031 583 28 2906 
SON ee à 282 3507 322 20 4131 
KOL der ee 377 3677 1045 30 5129 
IIS re 468 7125 707 48 8348 


1) The term once grown here means seed produced by a grower acting independently of the breeder, 
the seed used by the grower to obtain the crop being original seed. 


Table 2 presents data concerning the seed supply of Marne oat, which was put on 
the List in 1946, 1 have no figures relative to the area sown by the farmers with their 
own seed. Moreover only a certain proportion of the approved seed is sealed and 
placed on the market depending on the demand. (Seed that has not been certified may 
not be marketed for sowing purposes.) This table also mentions the percentages of 
original seed with respect to the total quantity. 
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TABLE 2. SEED SUPPLY OF MARNE OAT IN THE NETHERLANDS 
| 
| Number of hectares | Are sene | See 
en : | aled origina 
Year ten EE | available, (multipli- | Sealed seed kgs Sood en 
sy cation rate of 25) | 
1946 4,902 5,200 | 399,780 44.3 
1947 18,122 27,300 | 2,305,013 18.7 
1948 33,100 66,150 | 3,731,683 12.4 
1949 51,430 72,650 | 4,786,836 14.1 
1950 78,234 103,275 8,391,319 7.9 
1951 88,566 128,225 | 9,479,734 11.0 
1952 98,280 208,700 8,855,773 10.5 


By virtue of the Breeder’s Decree the breeder receives a royalty when seed of his 
variety is marketed by others. For Marne oat, for the years 1946-1952, this was as 


follows: 


TABLE 3. ROYALTIES PAID FOR MARNE OAT (OF WHICH 90% GOES TO THE BREEDER) 


1946 f 1980— 

1947 _f 14268.69 (addition of 10% not included) 
1948 f 18193.78 (addition of 15% not included) 
1949 _f 20087.13 (addition of 20% not included) 
1950 f 23690.91 (addition of 25% not included) 
1951 f 24383.35 (addition of 100% not included) 
1952 f 23880.17 (addition of 100 % not included) 


On the one hand the breeder receives revenue from the sale of original seed, on the 
other hand he receives royalties through the intermediary of the Inspection Service. 


10. EXPORT OF SEED 


There is some export of oats for sowing purposes, though less important than that of 
other propagating material. In the table below are set out data relating to the extent of 
oat growing, to seed production, and to the export of oats for seeding purposes (taken 
from figures furnished by the Central Bureau of Statistics). 


TABLE 4. AREA UNDER OATS IN THE NETHERLANDS, SEED PRODUCTION AND SEED EXPORT 
Area under oats in | Number of hectares | Quantities of sealed ; 
Need hectares approved for seed seed in kgs En 

1946 177,300 9,615 18,300,902 2,459,000 
1947 163,400 14,263 24,006,644 9,888,000 
1948 139,400 15,213 19,614,604 6,948,000 
1949 132,400 10,459 9,991,530 97,000 
1950 139,000 7,259 13,614,647 3,302,000 
1951 153,400 8,418 14,517,537 4,289,000 
1952 152,700 13,193 12,506,764 660,000 
1953 156,000 8,573 


The main buyers were Belgium and Luxemburg; in some years also Denmark, 
Germany, Finland, France and Switzerland. 
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11. THE IMPORTANCE OF FOREIGN-BRED VARIETIES IN THE NETHERLANDS 


A survey of the foreign-bred varieties with which the Dutch varieties have to com- 
pete is relevant to an article on oat breeding in the Netherlands. From 1933 onwards 
exact figures are available. They are published each year in the Descriptive List of 
Varieties of Field Crops. These figures refer to the 26 regions in which the country has 
been divided for statistical purposes and also to the Netherlands as a whole. The data 
relative to the whole country are presented below. 
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1933 1938 (943 13948 1953 
FIG. 1. DISTRIBUTION OF THE OAT VARIETIES, 1933-1953 


Towards the beginning of the present century the varieties developed at Svalöf 
started to spread in the Netherlands. Victory (Seger) was first distributed in 1908. Fig. 1 
shows that in 1933 the Svalöf varieties Victory (Seger), Eagle (Örn), Golden Rain UH 
(Guldregn ID) and Orion II together occupied 71 % of the area under oats in our coun- 
try. In 1953 the Swedish varieties only covered 23 % of the area under oats. For many 
years Dutch agriculture has greatly benefited from these varieties. Svalöf succeeded in 
continually producing better varieties. Eagle superseded Victory and Sun Il became 
the competitor of Eagle after 1945. 


TABLE 5. DISTRIBUTION OF OAT VARIETIES IN 1953 IN THE NETHERLANDS 
% % 

Bidet Ren en ee l Abed Minor (Danish) nnen eeen 3 
EXPLGS VAE Ee trace Dippe's Er (German) reen 2 
EADErAS te ee 5) Bagle iS wedish) en 10 
MAJOR erin ls ne l Flämingsgold (German). . ..... trace 
MTG eee tn AR: 63 Golden Rain II(Swed.) ....... 3 
Od eet 0e mn Aer or We AN trace SU IS wedisi) 8 
ZW antertesiden Victory Swedish) 2 

Other varieties 1 
Dutchivareties. „ee TA Foteign varieties Spant ve 29% 


The Danish variety Abed Minor occupied 3 % of the area in 1953 (Table 5). 
At the beginning of the century the German yellow oat Probsteier was widely grown 
in the Netherlands, but in recent years the German oats (e.g. of the breeders STRUBE, 
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VON LocHow, KIRSCHE and Diepe) have been of little significance in our country. The 
same can be said of the Scottish variety Early Miller. 

Though oat breeding abroad has not come to a standstill we can state that at present 
foreign-bred varieties no longer occupy a dominant position in our agriculture. 


12. THE SIGNIFICANCE OF OAT BREEDING FOR DUTCH AGRICULTURE DURING THE LAST 
20 YEARS 


Using statistics of 1933 and of 1953, and taking into account the relative grain pro- 
duction as published in the List of Varieties, we can calculate that during this interval 
of 21 years the improvement of the varieties used has caused an increase in yield of 
some ll %. This percentage tallies with the computations made by GROENEWOLT (2), 
who estimates that through improved stocks there is an annual yield increase of } %. 


SUMMARY 


While towards the turn of the century the German yellow oat Probsteier had spread 
considerably in the Netherlands a shift occurred after about 1910 in favour of Svalöf 
varieties. First Victory spread, later other varieties followed. Dutch agriculture has 
derived much benefit from these varieties. 

However, oat breeding in the Netherlands developed also. In the course of years the 
breeder MANSHOLT produced several varieties, which together occupied about 20 % of 
the area under oats. To the breeder P. J. HIJLKEMA belongs the honour of creating the 
variety Marne, which could successfully compete with the Svalöf varieties. 

In 1953 Mansholt’s varieties occupied 2 % of the area under oats; Hijlkema’s va- 
rieties 63 %:; the variety of the Central Bureau 5 %/ and Black President 1 %. That 
means that in 1953 home-bred varieties occupied 71 % of the land under oats. 

The changes that have occurred in the varietal range are shown in Fig. 1. 

Some of the Dutch varieties are also appreciated abroad. 


SAMENVATTING 


Haververedeling in Nederland 


Nadat in het laatst van de vorige eeuw de Duitse Probsteier gele haver zich sterk had 
verbreid in Nederland, is sedert + 1910 een verschuiving ingetreden in de richting van 
de Svalöf-rassen. De Zegehaver b.v. kreeg een zeer grote verbreiding; daarna volgden 
andere. De Nederlandse landbouw heeft dankbaar gebruik gemaakt van de buiten- 
landse haverrassen. E 

Toch heeft de haververedeling in Nederland niet stilgestaan. In de loop der jaren zijn 
verschillende Mansholt-rassen gekweekt, die gedurende een aantal jaren tezamen 
ongeveer 20 % innamen van de in Nederland met haver beteelde oppervlakte. 

Aan de kweker P. J. HIJLKEMA komt de eer toe, dat hij er in slaagde de Marne haver 
te kweken, die in staat was de concurrentie tegen de buitenlandse rassen op te nemen. 

Het Nederlandse haverareaal is thans voor meer dan de helft gebaseerd op Neder- 
landse rassen en verschillende daarvan vinden in het buitenland waardering. Het per- 
centage van de Mansholt-rassen bedroeg in 1952 2 %, van de Hijlkema-rassen 63 %, 
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van het C B-ras 5% en van de Zwarte President 1 %; in totaal was dus 71% van het 
Nederlandse haverareaal in 1953 bezet met Nederlandse rassen. 


ho 
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De verschuiving in het rassensortiment van 1933 af is aangegeven in fig. 1. 
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GENERAL REMARKS ON PROVENANCE RESEARCH 
IN FORESTRY 


B. VEEN 
Institute of Forestry, Wageningen 
Received 24 June 1953 


KALFLA (1938) has defined the question of provenance in forestry as one dealing 
with the influence of the genetic properties of the parent stand on the growth of the 
progeny. With today's knowledge of genetics this is not a very surprising statement. 
However, one has to keep in mind that in the beginning it was necessary to grope in 
the dark and that knowledge only came with time. Moreover investigators of this 
problem were not specially trained geneticists. 

The research on climatological races of tree species was started mainly for practical 
reasons. This explains why the older experiments only concerned species which were 
used for artificial afforestation or reafforestation, e.g. Pinus silvestris, Picea abies, and 
later also Larix decidua and Pseudotsuga taxifolia. Notwithstanding this purely 
practical aim these experiments have given us some important theoretical results also; 
if only the fact that the various tree species seem to have a widely divergent tolerance 
with regard to different factors as well as their limits. 

Although De VirLMORIN in Les Barres had already done important pioneer work by 
1840, it was not before the beginning of this century that the problem was studied on 
a larger scale (CIESLAR, SCHOTT, ENGLER). Older, mostly empirical, reports on the in- 
fluence of provenance on the vigour of the offspring often contradicted each other. 
The main reason for this lies in the fact that workers were contented with a very vague 
description of the area of origin. Thus comparisons were made between e.g.: lowland 
and mountainous, or maritime and continental, or Western Washington and Rocky 
Mountains ecotypes. It has become clear that these conceptions are too vague and 
that it is necessary to use more precise experimental techniques and definitions of 
provenance areas, subjects, etc. 


Tree species with a wide natural range were shown to differ widely in properties. For 
that reason, in forestry local races (German ““Standortsrassen”’) have been distinguish- 
ed, which are autochthonous populations, which under particular circumstances 
show characteristic physiological and morphological properties. The word “race” 
in only used if the characteristic properties have been shown to be hereditary, other- 
wise the words “types” or “provenances” are used. TURESON speaks of “ecotypes”, 
which he defines as the genotypical response of a plant species to its ecological cir- 
cumstances. 

The development of ecotypes took place immediately after the glacial period both 
during migration as well as during the period after settlement. By continuous natural 
selection the original population has sometimes been changed considerably with 
regard to the frequencies of its properties. The occurrence of mutations may also have 
had an influence on the formation of ecotypes. 

The first occurrence (natural selection causing a shift in frequencies of certain prop- 
erties) can easily be seen on the ecotypes of douglas fir in its natural range. In nearly 
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every provenance we see the whole spectrum of a certain property (e.g. colour of the 
needles from green through grey to blue; or the form of the bracts of the cones from 
straight and adpressed to recurved, etc.), but it is striking to see that the position of the 
peak of the frequency curve of such a property is more or less systematically corre- 
lated with the area of origin. In the case of douglas fir, we see, for the coastal prov- 
enances, a majority of individuals with green needles and straight bracts, whereas this 
gradually shifts towards a majority of blue needles and recurved bracts for Rocky 
Mountains forms. 

Theoretically we may also expect a certain property to disappear completely from 
the population, and this has been noted in Southern-Swedish spruces. 

The second occurrence (mutation) is difficult to demonstrate, but in analogy with 
other species we may expect it for our forest trees as well. 

In some publications on provenance questions or introduction of exotic trees we meet 
the term „„acclimatization’’. This term, however, is highly misleading because it suggests 
a certain amount of activity on the part of a plant, in adapting itself to its surrounding 
conditions; in fact this “acclimatization” of a population is completely passive, 
caused by selective factors of climate and site. Plants which have properties by which 
they are able to persist have the chance of multiplying while other plants die before 
maturity or are not able to reproduce abundantly. In this way it is certainly possible 
that the offspring population is better adapted to the environment in question than 
the parent population originally was, but l would avoid the word ““acclimatization”’ in 
this connection since it may give a false impression. 

Some of the main selection influences of practical importance are: 

A. the length of the growing season, particularly in relation to temperature and day- 
length conditions. 

Cold climates select for cold resistance and a short growing season; hot climates 
select for vigour. 

B. the temperature conditions in spring (steepness of the temperature curve; range 
between day and night temperature; late frost) are related to the continentality of the 
climate, 

Maritime and lowland climates generally have a gradually increasing mean temper- 
ature in spring and a long period of late frosts. As a result individual trees flushing 
early are frequently damaged by frost, become overgrown by late flushing trees and 
in the long run are selected out. 

Continental and mountainous climates usually have a more rapidly increasing tem- 
perature in spring and a short period of late frosts. Consequently there is less chance 
of frost damage for the early flushing individuals, which in this case are not selected 
out by late frost. The whole question may be elucidated by Fig. 1, in which a maritime 
climate (De Bilt, Netherlands) is compared with a continental climate (Griva, Latvija). 

The steepness of the curves of Griva is twice as much as that of De Bilt. If we as- 
sume (as an hypothesis only) that flushing is induced by a number of factors which are 
correlated with a mean daily maximum temperature of 20° C, then in de Bilt the pos- 
sibility of late frost remains for a further 20 days; in Griva this critical period lasts 
only 7 days. This example is purely hypothetical, but it may show that the relative 
period between two critical points is less dependent on absolute values, than on the 
steepness of the temperature curves. 
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FIG. 1. COMPARING OF A MARITIME CLIMATE WITH A CONTINENTAL CLIMATE 


HORIZONTAL AXIS: ONE INTERVAL —= 5 DAYS 
UPPER LINES — MEAN DAILY MAXIMUM TEMPERATURE 
LOWER LINES — MEAN DAILY MINIMUM TEMPERATURE 


LeFT: MARITIME CLIMATE (DE BILT, NETHERLANDS) WITH A CRITICAL PERIOD — PERIOD BE- 
TWEEN Tax — 20° C AND Tuin — 0° C OF ABOUT 20 DAYS. 


RIGHT: CONTINENTAL CLIMATE (GRIVA, LATVIJA) WITH A CRITICAL PERIOD OF ABOUT 7 DAYS 


The influence of late frost together with the time of flushing on growth of different 
provenances of douglas fir is illustrated by Fig. 2a and b, respectively representing a 
medium and an early flushing provenance. 

C. Day length was already mentioned under A. In general if long-day trees are 
grown under short-day conditions they conclude their growing period earlier than 
indigenous short-day trees. As a result they show considerably reduced growth. This 
is accentuated by the fact that e.g. with Scots pine short-day conditions induce strong 
fructifications. Consequently, long day trees will be forced to fructify early and abun- 
dantly, and, thus, the vegetative growth, will be reduced. 

D. Snow. The amount of snow which falls in a certain area has-a definite influence 
on selecting the crown form of the trees. In regions with much snow we find narrow 
steeple crowns; in regions with little or no snow we see broad and round crowns. In 
the first case snow works selectively, because all trees with flat round crowns break off 
and gradually disappear from the population. Without snow, greater growing vigour 
will win and consequently big, broad crowns will overgrow the others. 


There are of course a great number of other factors influencing natural selection. 
Those mentioned above, however, may suffice to show the importance and complexity 
of the problem. 


As already indicated, provenance experiments in forestry started before the middle 
of the 19th century. To this end seed lots of certain tree species were collected from a 
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FIG. 2. ILLUSTRATION OF THE INFLUENCE OF THE PROVENANCE ON GROWTH OF DOUGLAS 
FIR IN THE NETHERLANDS: EXPERIMENTAL AREA ,„„DORST'’, N-BRABANT, LAT. 51°35/ 


N.; LONG. 4°54/ E.; ALT. 10 M. AGE OF BOTH STANDS 22 YEARS. ORIGINAL PLANTING 
DISTANCE 1,50 X 1,50 M (4444 TREES/HA). 


a. Provenance nr 27: Stella, Cowlitz County, Washington. 
lat. 46°11/ N.; long. 123°04’ W.; alt. 90-300 m. 
Stand: 
dominant height 11,26 m; mean height 9,40 m; 2323 trees/ha; mean diameter 
11,1 cm; basal area 22,5 m?/ha; form factor at breast height 0,537; stem volume 
113,5 m°/ha; thinnings 21,3 m?/ha; total production 134,8 m?/ha or 6,1 m°/year/ha, 
which ís fairly good. The tree marked 71 has a diameter of 18,2 cm and a height 
of 10,35 m. The white spot is at 1,30 m above the ground. 


a great number of places over the whole (or a certain part) of the natural range and 
used for comparative experimental plots in one and the same place. 


The original aim was purely economic and the design more or less empirical, as may 
be seen from the following examples. 
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FiG.2. b. Provenance nr 31: Vernon (B.C.) lat. 50°15’ N.; long. 119°15’ W.; alt. 1500-2000 m. 
The 3 small trees in het foreground are douglas fir, the trees in back are Norway 
spruce that have been used to replace dead trees of douglas fir. 

Stand: mean height 1,50 m; losses caused by late frost 52,9 % ; (every year nearly 
all the trees are retarded by late frost). The trees in the centre of the picture are 
1,80 m high. This provenance flushes about one week earlier than nr 27. 


Autochthonous spruce in South Sweden does not grow very satisfactorily. For that 
reason German seed was imported because these strains displayed better growth and 
better forms. Accidentally, this was a success because of the fact that the autochtho- 
nous spruce of Southern Sweden had migrated around the Gulf of Bothnia. On this 
journey the population completely lost a number of valuable silvicultural properties 
by selection in the cold climate of Northern Sweden. The regeneration of these prop- 
erties in the more mild climate in Southern Sweden could not take place. Introducing 
new genes by importing German spruces was the obvious way of regenerating these 
properties. This was done with great success, but completely without knowledge of 
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The success with spruce led to an import of Scots pine as well, but in this case with 
no success. The autochthonous Scots pine from Southern Sweden had migrated along 
the Danish archipelago. It had not been exposed to the extreme conditions of Northern 
Sweden like the spruce and, consequently, it is better adapted to the natural conditions. 

The timber of autochthonous Scots pine in Austria is not as good as that of the 
autochthonous pines grown in Sweden. This observation led to the import of Swedish 
seed of Scots pine in Austria. Unfortunately, this was valueless because the timber of 
Swedish provenances grown in Austria was even lighter than that of the autochtho- 
nous pines. 

These few examples may show that the provenance of the seed has a great influence; 
foreign provenances may give better results, but may also be worse than the local types, 
any improvements will in most cases be purely accidental. In future a more careful 
and systematic provenance research programme must be started. It might provide in- 
formation about the history of race formation anda better insight in ecological and 
physiological problems, so that we can predict with more certainty a successful im- 
portation of foreign seed. An important experiment was started by the International 
Union of Forest Research Organisations (L.U.F.R.O.) in 1938 and 1939 with Scots 
pine and Norway spruce, and in 1944 with European Larch. 

In recent years there is even a tendency for a design of provenance experiments with 
progenies of single trees. Though these experiments might be valuable for the detection 
of good strains, in my opinion they are not provenance experiments in the proper 
sense. In this connection 1 would make the following distinctions: 

(1) provenance experiments, with the aim of discovering the reaction of a number 
of ecotypes of a distinct species under circumstances different from its natural site 
and climate; of detecting the distribution of definite properties over the natural range 
of the species (ScHMIDT, 1943); of enriching the gene stock to be used for artificial 
breeding work; and of finding better strains which can be used immediately in prac- 
tical forestry. 

Particularly if such provenance trials can be made with international cooperation 
(like the experiments of 1938 and 1944) it may be possible to collect important infor- 
mation, not only about the reaction of a great number of provenances on one distinct 
area, but also about the reaction of one distinct provenance on a great number of 
areas. This would enable us to calculate the interaction between provenance and site 
conditions (provided, of course, that the data are collected in every country according 
to the same rules). 

(2) progeny tests, which aim at testing the offspring of individual trees in connection 
with breeding work and lay-out of seed orchards. Because most of the tree species in 
question are cross-pollinators, controlled pollination is desirable, otherwise the results 
will be 50 % confounded by the influence of the pollen. 

(3) combined provenance-progeny tests are possible, but there are a number of ob- 
jections with regard to the requirements of the provenance tests. For a provenance 
trial an exact picture of a population is required. This necessitates the collection of 
seeds from a whole stand, or at least from a great number of trees, so that a represen- 
tative random sample is obtained. 

If the seed of the individual mother trees is to be kept seperate and a large number 
of provenances is required, the number of seed lots will become unwieldy. This leads 
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to a reduction, either in the number of provenances or the number of mother trees 
per provenance, both of which are undesirable. Moreover there is often a tendency 
to collect seeds from silviculturally good trees only and a representative random sample 
of the population is not obtained. 


The importance of exact description of the location of the provenances to be used in 
an experiment needs no stressing. Nevertheless, this point is often neglected, not be- 
cause of its unimportance or from pure negligence, but because of the fact that one 
frequently starts too late with collecting and/or recording the necessary data. In this 
connection it is surprising how soon details are forgotten. A record of all necessary 
data and details should be made before or during seed collection. The recordings have 
to be so precise that we can find the spot again without any doubt. In fact it is required 
also, to save the mother stand from felling during the immediate future. This will 
enlarge the practical value of the experiments. Only in this way is it possible to collect 
future seed from those stands of which the offspring has shown itself to be well adapted 
to the new circumstances. From a theoretical point of view also, the retention of these 
mother stands is important because it may be necessary to compare the mother stand 
with its offspring. Further, it remains possible to set up control experiments, e.g. 
progeny tests with seed of the best trees of the old stands. 


Since provenance experiments have clearly shown the importance of climatological 
genotypes, and since practical forestry may use the results with profit, it is necessary 
to achieve well-organized control of the origin of tree seed. Many countries have al- 
ready started such control, either voluntarily or regulated by law. 

It is urgently necessary however to start, as soon as possible, international regu- 
lation of tree seed origin and supply. 


SAMENVATTING 


Algemene opmerkingen over de betekenis van het herkomstenonderzoek 
voor de bosbouw 


Houtsoorten met een groot verbreidingsgebied blijken al naar de groeiplaats in 
verschillende eigenschappen te variëren. Men onderscheidt daarom in de bosbouw 
groeiplaatsrassen, dat zijn autochthone populaties, die over het geheel genomen onder 
bepaalde omstandigheden karakteristieke physiologische en morphologische eigen- 
schappen vertonen. Het begrip ras wordt slechts gebezigd, wanneer de kenmerkende 
eigenschappen inderdaad erfelijk zijn gebleken, anders spreekt men van typen of 
herkomsten (provenances, Provenienzen). TURESON spreekt van ecotypen, welke hij 
definieert als het genotypische antwoord van een plantensoort op de omstandigheden 
van zijn standplaats. — 

De vorming van groeiplaatsrassen is na de ijstijden geschied door voortdurende 
mutaties en natuurlijke selectie. Een belangrijke selectieve invloed ging uit van: 
de duur van de vegetatietijd (groei); 
het temperatuursverloop in het voorjaar (uitlopen, vorstbeschadiging); 
de daglengte omstandigheden (groei en fructificatie); 
sneeuw (kroonvorm). 
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Herkomstenproeven hebben ten doel na te gaan, hoe een serie ecotypen van een 
bepaalde houtsoort reageert op overbrenging naar andere klimaten en ecologische 
omstandigheden. Men onderzoekt hoe de verspreiding en het verloop van bepaalde 
eigenschappen en kenmerken over het natuurlijke verspreidingsgebied verdeeld zijn 
(ScrMmpr, 1943). Sedert de laatste 10 jaar streeft men tevens naar verrijking van het 
genengarnituur om bij kruising en veredeling uit te kunnen putten . De herkomst- 
proeven bieden gelegenheid te zoeken naar betere rassen, welke direct in de practijk 
kunnen worden gebruikt en ook om achter de verklaring van bepaalde reacties te ko- 
men. Speciaal, wanneer dergelijke herkomstenproeven internationaal worden opge- 
zet, kan men uit het gedrag van een groot sortiment belangrijke informaties verkrijgen 
wegens de statistische mogelijkheid van afsplitsing van de interactie herkomst x 
groeiplaatsomstandigheden. 

Aan de hand van enkele voorbeelden wordt het empirische karakter der meeste 
oude proeven gedemonstreerd. De noodzaak van meer systematisch opgezette proeven 
en van een internationale contrôle op de garantie van de herkomst van boomzaden 
wordt betoogd. 
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INTRODUCTION 


It was already known that insects could be a useful help in the process of artificial 
selfing or crossing of plants for breeding purposes (1, 2, 3). 
As part of a project to improve methods or to develop new ones in this field, a series 
of experiments with bees and bumble-bees was made. 
The expectation that honey-bees and bumble-bees could save a lot of labour, and 
in addition, give better results, was fully realized. 
Two problems were studied: 
a. How to safeguard the intercrossing and seed setting of groups of plants in insect- 
proof glasshouse compartments (isolation rooms of 3 X 5 x 2 m). 
b. How to get a good selfing of single plants or a good crossing of two plants in small 
glass cages (isolation cages of 0.8 x 0.8 x 2 m). 


ISOLATION ROOMS; THE USE OF HONEY-BEES 


Isolation rooms (see Fig. 1) were used for the isolated seed production from groups 
of selected plants of insect-pollinated allogamous crops, like cabbage, radish, etc. 

In each of these isolation rooms a small colony of bees was placed as soon as the 
plants within started to flower. Each colony of bees was housed in a bee-hive of 38 X 
12x21.5 cm. 

In the beginning of May a normal bee colony occupies seven or eight Simplex *) 
frames. These are filled for the greater part with brood. The queen was always left in 
the original hive. Into the small hives in the isolation rooms we put three frames. 
Later we found that generally two well-filled frames or even one was enough for good 
pollination, but this also depended on the number of flowering plants which had to 
be pollinated. The small colonies in the isolation rooms immediately started to grow 
__a queen for themselves. By the time that these queens had to be fertilized, the work in 

the isolation rooms was finished, so that it was possible to put them in the open air, 
where fertilization could take place. 

1) Simplex — a certain make of bee hives. 
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The original queen was left with some frames of bees in the original hive, where they 
were fed some sugar water. Gradually they restored themselves to a normal colony 
again. During the first two years three bee colonies did the pollination work in sixteen 
isolation rooms, and at the end of the second year they even had increased to four 
colonies. 


Fig. 1. Row OF ISOLATION ROOMS IN A GLASSHOUSE 


When we placed such a small colony of bees in an isolation room with such plants 
as cabbages in flower, the bees soon started to visit the flowers. Moreover they were 
given sugar-syrup which was put in a dish together with a few straws and placed on 
the ground. This is best done towards the evening. Additional feeding with sugar- 
water serves to prevent the bees from starving when the number of flowers that can 
be visited is relatively small. 

During the first few days quite a few bees flew themselves to death against the panes, 
but after two days this happened considerably less frequently. Later, in warm and 
sunny spells, we saw many bees creep on the uppermost panes, but the majority went 
back to their hive. It appeared to be best to place the hive in the north-west corner 
of the isolation room, as the bees when settling on the glass pane in sunny weather did 
so most on the side where the sun shines in the afternoon. Towards the evening they 
could easily find their way back. 

À favourable circumstance was that the temperature in these isolation rooms was 
always some degrees higher than in the open air so that the bees also flew in less fa- 
vourable weather. In cold dark weather they are relatively inactive, but also the plants 
are then slow to finish flowering. In the morning, as long as the sun did not shine into 
the isolation room and the temperature was low, the honey-bees did not fly very early, 
and considerably later than bumble-bees. 

In these isolation rooms we could make the bees visit different but simultaneously 
flowering crops, if we only took care not to put crops of the same family in them. 
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It appeared that practically all insect-pollinated plants could be thus pollinated by 
the bees, and various combinations proved possible such as cabbage with radish, 
chicory, leek, etc. In addition strawberries were successfully cross-pollinated. 

Bees, however, have a preference for certain crops, for instance it appeared that in 
the case of simultaneously flowering cabbage and Atropa belladonna they had-a noti- 
ceable preference for cabbage and did not visit Atropa belladonna so that the latter 
did not produce seed. When the cabbage had finished flowering, however, the bees 
frequented the Atropa belladonna, which resulted in a good fruit set. 

The seed yield of the plants in the isolation rooms visited by the bees was very high. 
Cabbage cuttings yielded on an average 20 grams of seed per cutting. 


Fia. 2. SMALL BEE-HIVE IN AN ISOLATION ROOM 


ISOLATION ROOMS; THE USE OF BUMBLE-BEES 


As will be seen from the next section, diseased bumble-bee queens can be used with 
good results. They work best in the small isolation cages, but they can work in the 
larger isolation rooms as well, if several queens are put in each of them. 

In most places it is, however, not so easy to catch a great many diseased bumble- 
bee queens. Therefore, in isolation rooms the use of bee-hives is a better solution. 


SMALL ISOLATION CAGES; THE USE OF BUMBLE BEES 
For the selfing of individual plants or the intercrossing of pairs of plants we have 
been using, since 1949, small glass cages. In order to improve the results and to save 
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labour we tried in connection with crops like cabbage, radish etc. different kinds of 
bumble-bees: 


a. diseased bumble-bee queens; 
b. bumble-bee drones; 

c. workers; 

d. Psithyri 


Diseased bumble-bee queens. According to MINDERHOUD (3) approximately 90 % 
of the bumble-bee queens in the Netherlands, which are seen in the spring, are incu- 
rably diseased. They are infested with a nematode-like worm (Sphaerularia bombi). 
This worm is present in the abdomen of the infested individuals in such great numbers 
that the ovaries shrink and reproduction is no longer possible. These diseased queens 
do not make a nest. In order to save the future of the bumble-bees as much as possible, 
we did not catch the healthy queens but only the diseased ones. 

The diseased queens visit the flowers in a normal way. They can be recognized by 
the way in which they fly low over the ground, spending a lot of time searching every 
little hole. They always fly short distances, then settle and creep in between plants or 
into little holes, later to fly a little distance again, and so on. In a captured state they 
are calmer than healthy individuals, probably because they have no nest. They may 
be caught from April to the end of June, when the healthy individuals have already 
disappeared, as in the meantime they have made a nest. The diseased queens appeared 
to live in our glass cages for 10 to 25 days. For our purpose this was sufficiently long. 


Fi. 3. BUMBLE-BEE QUEEN Fia. 4. MALE BUMBLE-BEE 


Bumble-bee drones are as good visitors of the flowers as the queens or the workers. 
They are only a little less mobile. Under ordinary circumstances the males already 
leave the nest at an early age to live on as individuals for the rest of their lives. They 
may be distinguished from queens-by smaller dimensions, longer antennae, the ab- 
sence of pollen baskets on the hind legs, the flattened and haired tibia, the absence of 
a sting, the hardly audible buzz in flying, and their lethargic movements. In summer, 
after a shower or in the morning, they can be seen to sit wet and chilled on the flowers, 
like the Psithyri. 

Later in the season, when there are few or no diseased queens about, male bumble- 
bees can be used for purposes of pollination. They have proved useful, but the results 
were less satisfactory than those obtained with diseased queens. 
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Workers have also been tried. They proved considerably less suitable than queens 
and males. Put in cages they lived much shorter than the latter, presumably because 
they are accustomed to living in colonies. 

Psithyri closely resemble bumble-bees, but their way of living is quite different. They 
are parasites upon the bumble-bees, the females depositing their eggs in the bumble- 
bees’ nests. Their larvae are then nursed by the bumble-bees: 

In appearance the Psithyri differ from the bumble-bees in that the former are con- 
siderably less thickly clothed with hairs; notably the abdomen is much more shiny. 
The wings are more coloured. They lack the pollen collecting organs on the hind legs. 
The outer side of the tibia is convex and hairy. In addition, their movements are a 
little more lethargic. In our experience the Psithyri can be used to effect in the isola- 
tion cages. 


It is not very difficult to capture bumble-bees. The queens are trapped when they 
have settled on the ground by placing a jam-pot or a wide-mouthed bottle over them 
and covering these with a lid. Male bumble-bees can be captured on the flowers in a 
similar way. 

Bumble-bees and Psithyri show no preference for particular crops; on one journey 
they visit various crops. We may expect, therefore, that they will carry back pollen 
that is closely related to that of our test plants. For this reason the pollen they carry 
must first be made innocuous. This we did by shaking the captured bumble-bees vig- 
orously in a jam-pot with luke-warm water, which causes the pollen grains to swell and 
burst. After a few minutes the jam-pot was emptied into the isolation cage, with little 
risk of the wet bumble-bees escaping. They dried very quickly and started to visit the 
flowers. 

In dark and cool weather bumble-bees fly earlier than honey-bees. Although the 
former do not work all day long ‚this is no drawback, as they frequent many flowers 
in a short time. Consequently, the seed yield of plants in isolation cages frequented 
by bumble-bees was very satisfactory. 

Pollination by the use of bumble-bees has proved successful in selfings and paired 
crosses of all cabbage species, radish, turnips, endive and chicory. 


SMALL ISOLATION CAGES; THE USE OF HONEY-BEES 


As it appeared that many breeders do not find enough bumble-bees in their own 
neighbourhood, it was necessary to make experiments with honey-bees in small iso- 
lation cages as well. 

The isolation cages are too small for the bee colonies and the hives we use in the 
isolation rooms. Therefore we tried very small miniature boxes. They were made of 
1.5 cm thick wood, and consisted of two compartments separated by a wooden wall. 
The largest room had to contain two miniature frames with bees. The smallest served 
as a storage place of food for the bees. The two rooms were connected by a round 
hole permitting the bees to get the food. In the front wall of the largest room were two 


, holes, one in the upper part for ventilation, one near the bottom through which bees 
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could enter and leave the box. The ventilation hole was covered with fine-meshed 
gauze. Each room had its own separate cover. 
The dimensions of the miniature frames were chosen so that six of them could be 
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placed in one normal Simplex frame of 35 x 20.5 cm (inside measurements). They 
were fitted in two horizontal rows of three. 


00 
Hs OA 
we 

, 


ve 


b OS 
bo 


Ne N 
te to, 
BS %, 
ANN De 


AT 
red, 
DN 


TIKKEN 
AAN 
te ‘eN 


SE 


5 


Fig. 5. SIMPLEX BROOD FRAMES WITH 6 SMALL FRAMES 


In the middle of a miniature frame a thin metal wire was put. A piece of foundation 
was cut out so as to fit exactly in the opening of the miniature frame, which was laid 
on the opening. 

Then the wire was electrically heated for some seconds, which by causing the foun- 
dation to melt around it, fixed it in position. In addition, some melted wax was put 
between the upper side of the foundation and the frame, and then the foundation was 
satisfactorily connected with its frame. 

A Simplex frame with six miniature frames was put into a normal Simplex hive. 
The colony was fed with sugar water in order to stimulate the completion of the foun- 
dation and the filling of it with eggs. 

In the largest compartment of the small boxes two miniature frames can be hung. 
Each of them is clasped between two wooden strips on the underside of the cover. One 
strip is completely fixed. The other one is fastened with a nail at one extremity only, 
on which it can pivot „On the inner side of the two strips some nail points project 
outwards. To fasten a miniature frame to the cover, the movable strip is turned side- 
ways and the frame is put in between, then the movable strip is pressed against the 
frame. The nail points keep the frame in position. For the two frames three strips 
suffice, since the one fastened in the middle of the cover serves for the frames on either 
side. 

Under normal circumstances 4 brood frames were inserted in one good bee colony, 
each frame being provided with 6 small frames to populate 12 small bee-boxes, which 
could be used for the same number of isolation cages. It is desirable to use strong 
colonies of bees. In the summer of 1953 we made 320 miniature colonies from 16 bee 
colonies. The weaker ones could only be divided into 6 or 9 new colonies, the strongest 
into 48. After such a manipulation one colony restores itself much quicker than 
another. 

In 1952 we always hung frames with brood in the miniature boxes; this proved 
highly successful as all brood emerged. Later on, the 400-500 bees we had put in the 
box were increased by some 100 emerging young bees. The second year the brood did 
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FIG. 6. MINIATURE BEE-BOXES SHOWING THE 2 LOOSE PARTS OF THE LID 


not emerge very well. We gained the impression, however, that it is also possible to 
make use of frames which are only partly filled with brood, the rest containing sealed 
food. In the latter case the large colony need not deliver so much brood, and can 
restore itself much quicker. 

After a fortnight, when the first few brood cells had been sealed, we lifted the frame 
which was well filled with bees from the colony. The bees should always be given 
enough food. Previous to inserting the small frames in the boxes, we filled the food 
store with a sugar solution or with ordinary dry sugar. The latter was readily consumed 
and could be easily administered. 

Next the small frames were carefully lifted from the brood frame, taking care not 
to knock any bees off the combs, and two of them were clasped between the wooden 
strips of the cover and inserted in the small box, which was then immediately put in 
an isolation cage. 

It is not very difficult for a bee-keeper to populate such a miniature hive. However, 
since most breeders are not bee-keepers and lack the necessary labour to carry out 
this work, this might discourage them from installing such miniature bee colonies on 
their establishments. In this case it is advisable to call in the help of an apiarist who 
can supply the small colonies at a moderate price. 

If this procedure is followed it is desirable to mark the queen in the large hives with 
a conspicuous paint, so that when she happens to walk on a small frame she can be 
recognized at once and put back in the large colony. Here she goes on laying eggs, 

and after some time the population is thus brought up to normal level again. 
_We found it most suitable to hang the boxes up. To this end we provided the box 
with an eye, so that we could hang it up by a small screw-hook which had been 
screwed into a convenient part of the isolation cage. The best position of the box is 
— 75 cm above the ground on the west wall. 

Such a small cage should not be placed on the ground, where, especially at night, it 
would be too cold. In no case should the colony be hung in the upper part of the iso- 
lation cage, as on sunny days the temperature becomes too high at this point. 

In 1953 we found that some small colonies we had hung in the upper part had died 
from the excessive heat after two days. In that case the temperature on sunny 
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Fro. 7. MINIATURE BEE COLONY IN A COMPARTMENT OF A DOUBLE ISOLATION CAGE 


days was + 40 °C, whereas it was only 28-30 °C at 75 cm above ground. 

During the first few days many bees flew against the glass roof, just as in the iso- 
lation rooms; some go on doing so for a longer period, notably in sunny weather, 
but others are soon to be seen visiting the flowers. Due to the large number of bees, 
the percentage visiting the flowers need not be high, as relatively few bees suffice to 
carry out the necessary pollination. 

As the bees remain longer in the cages, the number of pollinators increases, and 
that of bees flying against the glass wall decreases. 

In 1953 the average life of the miniature bee colonies amounted to 25 days. A few 
colonies even lived to become 112 days old. In the first half of May the average life 
was shorter than in the second half of this month, whereas the bees lived much longer 
in June. The comparatively rapid dying out of the colonies in the first half of May was 
partly attributable to the fact that the boxes had been wrongly placed in the isolation 
cages. In addition, initially we had to take too many small colonies from our ordinary 
bee colonies so that they could not be provided with the required number of bees, or 
enough brood and sealed sugar. 

From table 1 it appears that the length of life is satisfactory. We know 
from experience, however, that it is advisable to check the colonies after a few days, 
and to replace the weak ones by others. Since with most crops flowering will be con- 
siderably advanced after a week, and completely finished after a fortnight, we can, if 
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the check is carried out properly, use these colonies till the end of the flowering period. 


TABLE 1. LENGTH OF LIFE OF THE MINIATURE BEE COLONIES 


% of living bees | Miniature colonies BS on: | 
28/4 | 1/5 | 45 | 75 | 20/5 | 30/5 | 9/6 | 16/6 | 147 | 16/7 

| | | | | | | 
After J days … . … | 70 | 60 78 | 63 rl 279 | JA | 87- | 100 | 93 100 
AE Ae ECN NL CL AIR 80 54 | 82 83 
ZOO ASAT 56 67 | 8810 67 


It has proved possible to make paired crosses and selfings in the isolation cages by 
the use of bees. Crosses with male sterile or even incompatible plants can also be 
readily effected (4). 

Practically all insect-pollinated plants can be pollinated by bees in the isolation 
cages. The last year we obtained very good seed yields with: 

Cruciferae: all species of cabbages; both winter and summer cauliflowers; radishes 
and turnips. 

Compositae: endive, chicory and salsify. 

Rosaceae: strawberries. 

Umbelliferae: carrots, celery. 

Liliaceae: asparagus. With this crop much better results were obtained with honey- 
bees than with bumble-bees. 


Fig. 8. SET SILIQUES OF CABBAGE IN AN ISOLATION CAGE 


Combinations of various crops are also possible, so that in one isolation cage 
various crops can be simultaneously pollinated by the bees. 
If the bees after having pollinated a crop are still alive, they can be used for another 


crop. 
If the crop belongs to another family, the bees can be transferred without further 
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preparations. Should the two crops be closely related, however, there is a risk of the 
bees still carrying pollen of the first crop and contaminating the second with it. 

To prevent this, we put the miniature bee-boxes, after the bees had pollinated one 
crop, in a large isolation room in which plants of another family flowered, so that the 
bees could fly themselves “clean” on them. In cases where flowering isolated plants 
were not available, we stimulated the bees to collect sugar water placed in a dish on 
the ground. 

How long it takes the bees to fly themselves “clean” cannot yet be said with cer- 
tainty. From our experiments it was shown that after the bees had flown two days they 
were “clean” and no longer caused contamination. We also kept a small colony in its 
box for a day, and let it visit a related crop the day after. No contamination was found 
as a result. As the tests in question were carried out on a small scale and during one 
year only, the subject will have to be investigated further. 

The miniature bee colonies can also be used in the large isolation rooms. In that 
case, however, the number of plants to be pollinated should not be too large. In these 
large isolation rooms the bees live much longer than in the small cages. 
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SUMMARY 


|. The use of honey-bees and bumble-bees in breeding insect-pollinated crops can 
save a lot of labour. In addition better results are obtained. 

2. In isolation rooms of 5 x 3 x 2 m, being insect-proof compartments of a glass- 
house, the inter-pollination of groups of plants can be successfully effected by using 
small bee colonies in hives, but without a queen. 

3. In small isolation cages of glass of 0.8 x 0.8 x 2 m the crossing of two plants or 
the selfing of individual plants can best be effected by: 

a. diseased queens of bumble-bees. In addition male bumble-bees or Psithyri spe- 
cies can be used; 
b. very small queenless colonies of bees on miniature frames in small-sized boxes. 

4. Particulars of how to recognize the diseased bumble-bee queens and how to cap- 
ture and treat bumble-bees, and also particulars of the raising of bee colonies of 
different sizes and their treatment are given. 


SAMENVATTING 


Het gebruik van bijen en hommels bij de plantenveredeling 
l. Het gebruik van bijen en hommels bij de veredeling van insecten-bloeiers kan veel 
werk besparen. Bovendien worden betere resultaten verkregen. 
2 In isolatie-kamers van 5 x 3 x 2 m, gevormd door insecten-vrije afdelingen van een 


kas, kan de onderlinge bestuiving van groepen planten het best tot stand worden 
gebracht door kleine, koninginloze bijenvolken in kasten. 
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„ In kleine, glazen isolatie-kastjes van 0,8 x 0,8 x 2 m kan kruising van twee planten 


of zelf bestuiving van afzonderlijke planten het best geschieden door: 

a. zieke hommel-koninginnen. Tevens kunnen hommel-darren of Psithyrus soor- 
ten gebruikt worden; 

b. zeer kleine, koninginloze bijenvolken op miniatuurramen in kastjes van klein 
formaat. 


. Bijzonderheden worden vermeld betreffende het herkennen van zieke hommel- 


koninginnen en het vangen en behandelen van hommels; verder over het kweken 
van bijenvolken van verschillende grootte en hun behandeling. 
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BREEDING MAIZE FOR COLD RESISTANCE 
A REVIEW 


R. H. ANDREW *) 
Received 29 Jan. 1954 


Maize is probably a crop of subtropical origin. None the less it has been most widely 
adopted and utilized in temperate regions of which the corn belt in the United States 
is an outstanding example. In the very recent past, with the advent of hybrids, maize 
has become a crop of increasing importance in the northern United States, Canada, 
and Western Europe at latitudes ranging from 42-52°. In Wisconsin alone, for example, 
the maize acreage in the 30 northernmost counties increased nearly 200,000 acres from 
1932 to 1946. Naturally as it is grown at progressively higher latitudes, temperature 
as a limiting factor in its environment, assumes increasing importance. At these lati- 
tudes maize culture is limited by a relatively short frost free growing period, but of 
equal importance, particularly in spring, are low temperatures above freezing but still 
below the threshold of approximately 50° F at which maize will germinate and grow 
vigorously. The breeder can not do much to alleviate the physiological effects of fall 
frosts which definitely terminate further vital activity, but at the other end of the 
season maize culture would be immeasurably simplified in northern areas if strains 
were available that could germinate and become well established as seedlings at 
temperatures ranging from 50-70° F (Fig. 1). Then the fields would be in a position 
to fully utilize the higher temperatures of late June, July, and August during their 
grand period of growth. 

For many years, even before hybrid maize came into the picture, breeders have been 
attempting to develop varieties tolerant of cold in the germination and seedling stages. 
In such programs a widely used procedure has simply been early spring planting to 
provide an environment where natural selection could operate. Golden Glow, a va- 
riety noted for its cold tolerance, was developed at Wisconsin under such a program 
and released in 1922. 

In recent years at Wisconsin mechanical refrigeration has been utilized as a means 
of precisely controlling temperatures during selection for cold tolerance. At first seed 
samples were rolled in moist, absorbant paper towels and maintained at temperatures 
of 45 or 48° F in an ordinary household refrigerator for 10 or 14 days after which 
germination was allowed to proceed at 70° F for several days. Germination indices on 
samples of 50 seeds were computed on a basis of 100, where vigorous seedlings were 
assigned a value of two, weak or diseased seedlings a value of one, and dead kernels a 
value of zero. These tests demonstrated that significant differences existed among 
strains in respect to their capacity-to germinate satisfactorily at low temperatures. 
But when the promising strains selected in this manner were planted in the field under 
adverse conditions the results did not always correlate with those secured in the re- 
frigerator. It is now apparent that this disparity was due to the lack of soil pathogens 


in the refrigerator tests that attack germinating seeds in field plantings and cause seed 
rotting. 


1) Thanks are due to Dr N. P. NEAL, University of Wisconsin, and P. E. Hoppe, U.S.D.A, for 
various photographs. 
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Fi. 1. A COLD SUSCEPTIBLE INBRED (FOREGROUND) CONTRASTED WITH A COLD TOLERANT INBRED 
(BACKGROUND) IN WISCONSIN BREEDING NURSERIES. THE SEED WAS NOT TREATED WITH A FUNGI- 
CIDE 


To permit germination tests in soil at controlled low temperatures and accordingly 
to more closely approximate field conditions a 10-foot x12-foot walk-in type 
refrigerator is now being utilized at Wisconsin. Flats one foot square and three 
inches deep permit planting of two replicates of 50 kernels in soil for germination ra- 
tings. This equipment and technique permits expression of a complex quantitative 
character in terms of a reasonably accurate numerical value, the germination index, 
previously outlined. $ 

The immediate purpose of low temperature germination studies are threefold : 

1) To test established inbred lines for cold tolerance as a guide to their utilization 
and order of combination in the production of cold tolerant hybrids. 

2) To survey germplasm in the early segregating stages of inbreeding or back- 
crossing as a guide to selection of new cold tolerant inbreds. 

3) To test commercial lots of hybrid seed each year prior to sale, since performance 
varies extensively depending on the environmental circumstances during production. 
Standard laboratory tests conducted at approximately 70° F often fail to differentiate 
between seed lots showing these environmental effects. 

During the course of the investigations on cold tolerance at Wisconsin and else- 
where a number of fundamental genetic and phytopathological questions have arisen 
as well as questions on procedure and technique that are of interest to others planning 
to conduct similar tests. These tests are usually conducted at 50° F (10° C) for 10 days 
followed by five days at 70° F. 

It soon became apparent that failure of maize seed to germinate successfully at low 
temperatures was due primarily to disease organisms that killed or weakened the 
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INBRED WF9 


ed 
INBRED 153 oh 


FIG. 2. DIFFERENCE IN STAND RESULTING WHEN UNTREATED MAIZE SEED IS PLANTED IN STERILE SAND 
(BACKGROUND) AND IN FUNGI INFESTED SOIL (FOREGROUND). 


growing embryos. When surface sterilized or treated and disease free seed is planted in 
sterile sand free of pathogens it is able to endure protracted periods at 50° F and still 
produce near perfect stands when temperatures return to optimum. By contrast, 
corresponding samples planted in peat and sandy loam that has been recently removed 
from fields previously in corn and that is infested with fungal spores show markedly 
poorer stands (Fig. 2). Dead and weak seedlings upon examination usually prove to 
be diseased. At least seventeen fungal organisms have been reported to cause seedling 
blights of maize under adverse conditions, of which eight are species of Pythium. Others 
are Gibberella zeae, Diplodia zeae, and several species of Helminthosporium. The view 
prevails at Wisconsin that the Pythium species are the chief trouble makers in that area. 


Fis. 3. 

STAND PRODUCED BY MAIZE 
SEED AT LOW TEMPERATURES, 
AFTER VARIOUS TREATMENT. 
LEFT, NORMAL UNTREATED 
SEED. CENTER, UNTREATED 
SEED WITH INJURED PERI- 
CARP. RIGHT, INJURED SEED 
AFTER TREATMENT WITH A 
FUNGICIDE 
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Fia. 4. 

INFLUENCE OF MATURITY AND EFFECT 
OF FROST ON COLD TOLERANCE OF TWO 
HYBRIDS GERMINATED AT 50°F FOR 14 
DAYS. ON OCTOBER 17 THE TEMPERA- 
TURE DROPPED TO 19° F. 
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The fungi are present in the soil or in some cases carried on the seed. In recent years 
a number of finely powdered, volatile, fungicidal dusts have been available, some of 
which give a large measure of control over the seedling diseases that prevail at low 
temperatures (Fig. 3). Prior to planting, maize seed is coated with the dust, which kills 
spores on the surface of the seed and also sterilizes a tiny amount of soil around the 
seed, thus giving the seedling time to become established under near aseptic conditions. 
The various seed protectants available for maize vary extensively in their efficiency, and 
the better ones are recommended by state experiment stations and certifying agencies. 

Aside from seed treatment, a number of other non-genetic factors have been found 
to influence stands when seed is germinated at low temperatures. For instance imma- 
ture seed high in moisture content at the time of harvest is less cold tolerant than that 
which has reached full maturity. Ability to germinate and give a good stand progres- 
sively increases with advancing maturity (Fig. 4). Reduced vigor during germination 
with associated increases in disease also characterize old seed that has been stored for 
periods longer than two years. The rate of loss of vitality and cold tolerance varies 
with storage conditions and with the strain. High humidities and high temperatures 
during storage have been found to hasten deterioration. Seed exposed to frost prior 
to harvest will usually have reduced cold tolerance which varies with the moisture 
content of the seed at the time of exposure together with the duration and intensity 
of the freezing temperatures (Fig. 4). Pericarp injuries, which permit entrance of 
fungal hyphae into the seed during the early stages of germination, also result in in- 
creased disease and reduced stands (Fig. 3). Much of this injury is sustained during the 
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Fie. 5. 

INJURED MAIZE KERNELS 
WHICH HAVE BEEN DIPPED 
IN A SOLUTION OF IKI TO 
AID IN DETECTION OF PERI- 
CARP ABRASIONS. THE TWO 
KERNELS AT TOP LEFT ARE 
UNINJURED 


normal mechanical harvesting and processing of maize seed. Immature seed is most 
subject to processing damage, especially during the drying process. Flint corn with a 
smooth seed coat is usually less injured than dent corn. By contrast hand shelled seed 
is practically undamaged. Prevalence of pericarp injury in processed seed is leading 
many implement manufactures to consider rubber padding as a means of reducing 
seed damage. At Wisconsin it has been found useful to soak kernels in an iodine solution 
(LK) as an aid in determining the extent of pericarp injury since the exposed under- 
lying endosperm of abraised seed dipped in the solution stains dark purple (Fig. 5). 

While these extra genetic or environmental considerations are important for under- 
standing and improving cold tolerance, hereditary differences are the particular prov- 
ince of the corn breeder. As previously mentioned inbred lines vary extensively in 
their ability to germinate and establish good stands at low temperatures. For example 
inbreds 153 and WF9 have proved to be very susceptible to seedling diseases associated 
with low temperatures while inbreds M 14 and 23 are cold tolerant (Fig. 6). Hybrid 
seed between a cold tolerant inbred (23) and a cold susceptible inbred (153) varies in 
its response to cold depending upon how the cross is made. When cold tolerant line 23 
is the seed parent the hybrid 23 x 153 is also cold tolerant but when line 153 is the 
seed parent, hybrid 153 x 23 is very sensitive to low temperatures (Fig. 7). 


This difference in the behavior of reciprocal hybrids emphasizes the importance of 
the endosperm and pericarp which are components of the seed along with the embryo. 

The pericarp is entirely derived from the mother plant or seed parent while the tri- 
ploid endosperm receives two thirds of its inheritance from the seed parent and only 
one third from the pollen parent. The embryo itself, by contrast, receives equal quanti- 
ties of germplasm from each parent and is genetically the same regardless of the way 
the cross is made. Difference in germination of reciprocal hybrids must consequently 
be attributed to pericarp and endosperm differences. It is important to seed producers 
and farmers that hybrids be put together so the cold tolerant inbred is the seed parent. 
Comparatively little is known about the actual genetics of resistance of maize seedlings 
to disease at low temperature. It is probable that inheritance is quantitative and gov- 
erned by multiple factors involving both pathological and physiological conditions. 
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INBRED 23 


Fig. 6. VARIATION IN COLD TOLERANCE OF FOUR INBRED LINES AS EXPRESSED BY GERMINATION AFTER 
EXPOSURE TO 50°F FOR 14 DAYS. THE SEED WAS NOT TREATED WITH A FUNGICIDE 


Fig. 7. DIFFERENCE IN COLD TOLERANCE OF RECIPROCAL MAIZE HYBRIDS 
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While it is too early to make definite statements regarding the association between 
growth rate of the embryo and seedling disease a number of studies attest to the impor- 
tance of this line of approach. For instance when embryos excised from soaked moist 
seed after various intervals are exposed to Pythium, and then grown in vitro on a 
synthetic medium, those with a longer initial germination period prior to exposure are 
progressively more resistant. Also the excised embryos of the more resistant lines 
(rated by standard tests) acquire resistance earlier than do susceptible lines, although 
the susceptible lines eventually acquire considerable resistance. Fungicides are thus 
effective because they afford protection until this natural immunity is acquired. Ex- 
cessively deep planting of corn and the associated retarded emergence also contribute 
to poor stands by permitting disease organisms a longer period for infection between 
the start of germination and establishment of permanent roots (Fig. 8). Permanent 
roots do not appear until the coleoptile emerges above ground and their rate of for- 
mation also varies with the strain. Infected seedlings with weak root systems are less 
able to combat disease than are seedlings with strong root systems. Perhaps the best 
evidence of the negative association between growth rate and seedling susceptibility 
to disease is the better performance of faster growing hybrids as a class compared to 
slower growing inbreds as a class. If an association between growth rate at low temper- 
atures in the early germination stages and the later seedling stage can be demon- 
strated, information of immense value to the corn breeder in northern areas will be at 
hand. It is here perhaps that cold testing will prove most useful in view of the effecti- 
veness of properly applied fungicides during the early stages of germination. Seeds 
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FIG. 8. DISEASED SEEDLINGS (RIGHT) AND HEALTHY SEEDLINGS (LEFT) AFTER PLANTING FOUR INCHES 
DEEP. NOTE HOW THE LESIONS ON THE MESOCOTYLS OF THE DISEASED SEEDLINGS RENDER THE 
LOWER ROOTS INEFFECTIVE 


114 


#4 


N 


BREEDING MAIZE FOR COLD RESISTANCE 


that germinate and then apparently remain idle for protracted periods of several weeks 
during May and June are a major problem for maize growers. Much more information 
is necessary on this particular phase of the problem. 

Now some further words about the techniques of cold testing. Simultaneously with 
or prior to the cold test the untreated seed lots under study should be germinated at 
room temperature to determine if and to what degree the seeds viable under optimum 
conditions. It is of course foolish to attempt to draw conclusions regarding germi- 
nation under sub-optimum conditions by using seed lots containing dead kernels. 

Of interest to the small seed producer is the fact that a large walk-in refrigerator is 
not necessary for satisfactory cold testing. Mr Hoppe at Wisconsin has effectively 
planted seed samples in soil in small glass tumblers for exposure to 50° F for ten days 
followed by a transfer to moist paper towels for completion of germination at 70° F. 
This procedure, which requires much less space than flats, permits use of an ordinary 
household refrigerator. More recently he has used a soil, paper towel test. Fifty kernels 
are placed on moist paper and lightly covered with a handful of Pythium infested soil 
in contact with each seed. The paper is rolled and placed in loosely covered pans for 
exposure to the proper temperatures. It is advisable to place the paper rolls only one 
layer thick in the pans to provide equal aeration. Results obtained by both of these 
techniques are strictly comparable with those from the large walk-in type refrigerator. 

There is considerable difference of opinion regarding time of exposure of a germi- 
nation sample to low temperature. In most tests the seed is placed directly in 50° F 
chambers for ten days followed by five days at 70° F. In some tests germination is 
started at 70° F for two days followed by ten days at 50° F. This procedure is the more 
realistic since farmers, of course, do not plant corn until favorable temperatures are 
at hand, but then frequently the warm planting weather is followed by extended peri- 
ods of low temperatures. Different germination readings result from tests using diffe- 
rent temperature sequences, so uniformity of procedure is important. After removal 
from the cold chamber a constant temperature to complete germination is also neces- 
sary if one series of tests is to be compared with another. Since this is a difficult order 
for most greenhouses at present, it is probably better to complete germination under 
artifical light if the flat procedure is used. 

A word of caution is also necessary regarding the soil used as a source of inoculum. 
Present procedures are at best empirical and much more information is required. Soil 
from a field in corn the previous summer should be used on the assumption that it 
will contain supplies of the pathogens that attack the germinating seeds. During the 
winter months the soil supply should be kept at constant moisture and temperature 
since the fungi encyst in dried out soil and require time to become activated again 
when the soil is moistened. Tests should be run using soil at between 50 and 70 percent 
of water holding capacity. As a rough guide the soil should be moist enough to ball 
under hand pressure but dry enough to crumble on release. Use of dried out soil will 
give germination indices that are too low. The soil used should be representative of 
the areas for which the maize is being bred since that from different regions varies in 
the array of seedling disease fungí it contains. In the future, studies on the effect of 


‘specific fungi by isolation and inoculation techniques at different temperature and 


moisture levels are in order. 
It is probably apparent but should be mentioned that laboratory cold tests as such 
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do not provide a direct means of selection for cold tolerance in breeding programs 
since the surviving seedlings are not ordinarily carried to maturity. Either the seedlings 
surviving the cold test must be transplanted to the breeding nursery in the spring or 
related seed remnants of stocks found to be cold tolerant by laboratory tests may be 
planted outside early in spring to provide a natural but unpredictable low temperature 
environment for further selection. 


SAMENVATTING 
Het kweken op kouderesistentie bij mais 


Hoewel mais vermoedelijk uit de subtropen afkomstig is, beschikt dit gewas over 
een dusdanig aanpassingsvermogen dat het mogelijk bleek de grens van het cultuur- 
gebied steeds verder naar het Noorden op te schuiven; in Europa bij voorbeeld is de 
52e breedtegraad reeds overschreden. 

De voornaamste beperkende factoren zijn de lengte van de vorstvrije periode en 
vooral de temperaturen in het voorjaar. Indien deze laatste beneden de drempel- 
waarde (+ 50° F) liggen, kiemt het zaad zeer slecht en ontwikkelen de jonge planten 
zich uitermate traag. Het vóórkomen van sterke individuele verschillen in het ver- 
mogen adverse uitwendige omstandigheden te weerstaan opent de mogelijkheid om op 
„„koudetolerantie” te selecteren. Amerikaanse onderzoekers hebben aangetoond dat 
koude niet de primaire oorzaak is van de zojuist vermelde stagnatieverschijnselen. 
De situatie is veeleer zo, dat bij temperaturen tussen 40° en 50° F alle levensprocessen 
van de jonge maisplant zeer traag verlopen, waardoor het kiemende zaad langere tijd 
blijft in een stadium, waarin het gemakkelijk een prooi wordt van parasitaire bodem- 
schimmels, speciaal Pythiumsoorten, welke bij deze vrij lage temperaturen nog wel 
behoorlijke levensvoorwaarden vinden. 

Er zijn verschillende laboratoriummethoden (bekend onder de naam „cold test”) 
ontwikkeld, welke er op neerkomen de adverse uitwendige omstandigheden waaraan 
het kiemende zaad in de bodem is blootgesteld, te imiteren. Hierdoor is het mogelijk 
de koudetolerantie van verschillende rassen en stammen in gestandaardiseerde proeven 
te onderzoeken. In dit artikel wordt vooral de in de staat Wisconsin toegepaste me- 
thode van Hoppe beschreven, welke er in haar eenvoudigste vorm op neerkomt, dat 
de zaden vermengd met een weinig aarde, in opgerolde papieren handdoeken worden 
blootgesteld aan temperaturen tussen 40° en 50° F, en vervolgens bij temperaturen 
boven 75° F tot ontkieming worden gebracht. 

Fig. 3, 4 en 5 demonstreren de invloed van pericarp beschadigingen en de rijpings- 
toestand van het zaad op de ontkieming onder adverse omstandigheden. 

Fig. 7 laat zien dat reciproke kruisingen grote verschillen in koudetolerantie kunnen 
vertonen, welke moeten worden toegeschreven aan verschillen in de genetische samen- 
stelling van het endosperm. Gememoreerd worden de onderzoekingen van HOOKER, 
waaruit bleek, dat ook de genetische compositie van het emb1yo in belangrijke mate 
de koudetolerantie bepaalt en dat koudetolerante lijnen zich vooral onderscheiden 
door het feit dat de embryo’s sneller een natuurlijke immuniteit tegen Pythium ver- 
werven dan niet tolerante stammen. Over dit onderwerp zal nog veel aanvullend 
onderzoek nodig zijn. 
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IN BREEDING HETEROSIS VARIETIES 
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1. INTRODUCTION 


Up to the present, commercial exploitation of hybrid vigour has mainly been limited 
to crops that produce a large number of seeds per flower or per inflorescence as far as 
they cannot be propagated vegetatively. A rational application of heterosis to nearly 
all other crops not so abundant in seed production is handicapped by the technical 
and economical difficulties involved in annual emasculations. 

A method which renders emasculation superfluous would therefore be important 
to the breeder of heterosis varieties. A similar method is rendered possible by the aid 
of male sterility. 


The author gives a survey of the occurrence, mode of inheritance, and application 
of male sterility to cultivated plants. 


2. MALE STERILITY (1,5) 


In a large number of crops (see Table 1), plants have been found that completely 
or almost completely fail to produce viable pollen as a result of their genetical consti- 
tution. These plants produce less than 0.1-0.5 % viable pollen under conditions in 
which normal fertile specimens produce it abundantly. Their development is at first 
completely normal in every respect; during the formation of pollen, however, a hyper- 
trophy of the tapetum is induced by genetical factors, leading to a degeneration of the 
pollen grains in process of formation during or after meiosis. Most of the pollen sacs 
contain only shrivelled pollen grains and tapetal remains. 

Other types of pollen sterility are known, for example that form which is believed 
to occur in the potato. This article, however, deals only with the type of male sterility 
outlined in the above paragraph. The term male sterility (MS) is used to denote plants 
displaying the symptoms we have described. 


3. IDENTIFICATION OF MALE-STERILE PLANTS 


Male-sterile plants can be identified before pollen dispersal in fertile plants by the 
fact that their anthers are empty or only partly filled and feel flabby to the touch. In 
the case of beets, however, it is necessary to make a cross section of the buds at anther 
level. By this means the empty translucent anthers of MS plants can easily be distin- 
guished from the well-filled anthers of fertile plants. In the case of the tomato 1t Is 
sufficient to examine with a pocket-lens anthers previously opened with a needle just 
prior to flowering. Similar methods of identification may be developed for other crops, 
as they are required. 

1) The author wishes to thank Prof. Dr R. PRAKKEN for his kind permission to publish this study 
which has been carried out under his direction „and is grateful to Prof. Dr J. C. Dorst for his helpful 
criticism. 
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4, INHERITANCE OF MALE STERILITY 


Nearly all known types of MS are caused by one or more recessive nuclear alleles 
(see Table 1). Only a few forms of cytoplasmically inherited MS are known in the 
case of cross fertilized plants and hybrid species, which are, however, all modified by 
nuclear alleles. This is mainly a consequence of the reproductive rate of the different 
MS genotypes, although the mutability of the plasmatic genes also plays a role. 


TABLE 1. SURVEY OF THE KNOWN FORMS OF MALE STERILITY 


Author 


Inheritance 


Plasm Nuclear alleles 
factor dom. | Tec: 
Allium cepa MONOSMITH — | 0 | 1 
Antirrhinum Lewis | 
Beta vulgaris. OWEN | sE 0 | 2 
Beta vulgaris. . OWEN — 0) | 1 
Capsella spp. Lewis | | 
Capsicum frutescens. . | MARTIN | | 
Canna spp. OFFERIJNS | 
Castanea sativa Mac Kay | 
Centhranthus ruber …. SOBRINKO nee 1 Iet) 
Cirsium oleraceum CORRENS 
Coleus spp. Forp = 1 | 0 
Cucumis melo | BOHN — OAretd 
Cucurbita maxima FSCOEL — 0 1 
Cucurbitapepo ... SHIFRISS 0 1 
Dactylis glomerata …. MYeRs = 0 1 
Daucus carota . WELCH — 1 0 
Hebe townsoni FRANKEL 
Hordeum vulgare SUNESON = 0 il 
Lathyrus odorata... FABERGÉ 
Linum (hybrid spec.) … BATESON — 0 1 
Lolium perenne. . JENKIN 
MUSTSDO RR Dopps 
Nicotiana (hybrid spec.) . . EAST + 1 
Origanum vulgare. . Lewis + 1 1 
Oryza sativa ie RAMANYAM 
Plantago lanceolata CORRENS 
Prunus communis CRANE 
Prunus domestica .. CRANE 
Prunus persica CRANE 
Rubus idaeus. . Lewis 
Satureja hortensis. . CORRENS 
Sorghuntspp. …. >. STEPHENS = 0) 1 
Sorghum (hybrid spec.) . STEPHENS 
Solanum esculentum. CRANE = 0) 1 
Solanum esculentum. LESLEY = 0 2) 
Viola orphanides CLAUSEN 
Zea mays …. EYSTER — 0 1 
Zea mays …. RHOADES — 
Zea mays .. JOSEPHSON + 
Zea mays . SCHWARZ + 1 1 
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Number of non 

allelomorphic 

factors, known 
up to now 


| 
| various (1945) 


two (1937) 


thirteen (1945) 


twenty (1935) 
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Explanation: a. By “author”, is meant the writer who first published information (as far as known) 
on the subject. b. “0” indicates the absence of alleles; when there is not enough information as to the 
mode of inheritance, one or more of the relevant columns have been omitted. c. “Number of reces- 
sive alleles”’ signifies the number of recessive factors necessary to cause the relevant species to be MS. 
So with the onion, (S)mm is male sterile. 


5. PRINCIPLES IN THE APPLICATION OF MALE STERILITY (5, 6, 7, 10, 15) 


Male-sterility is most easily applied in cross-fertilized plants, cytoplasmically in- 
herited forms of MS being used successfully. The system described below is the one 
being applied. 

If F‚ seed is to be used commercially, as is the case with beet and onion, all mother 
plants must possess the plasmatic factor causing MS. When sufficient father plants 
are at hand, the MS plants obtained in this way produce practically 100 % hybrid seed 
without emasculation. The fact that this seed produces plants which are also male 
sterile is not a disadvantage in crops grown for their vegetative parts. 

In the case of crops actually grown for seed, the breeder usually provides for com- 
mercial purposes the so-called “double cross” seed. In this case only half of the lines to 
be used as mother plants need possess the plasm factor causing MS. From the polli- 
nation of an MS inbred line A with a normal fertile inbred line B, we obtain the male 
sterile single cross AB. The latter can be pollinated with a single cross CD which 
originated from a cross between two normal fertile inbred lines, so that the commer- 
cial seed ABCD can develop on the AB-hybrid. From this commercial seed, however, 
new MS plants will grow, so that (if seed setting is desired) one will have to provide a 
sufficient amount of pollen in the field. This is most easily done by mixing the MS 
commercial seed with seed of a fertile hybrid flowering at the same time e.g. the nor- 
mal ABCD. It is, however, safer to counteract the MS genetically although this re- 
quires some extra work at first. 

In self fertilized plants, only horticultural crops offer possibilities for the utilization 
of MS on a commercial scale. 


6. ADVANTAGES OF MALE STERILITY (5, 6, 10, 14) 


Male sterility permits the production of hybrids on a commercial scale in crops which 
formerly could not be treated in this way owing to the high cost of emasculation, 
while existing hybrids can in future be produced more economically. 

If the method described in $8 is used correctly, the hybrids obtained will have a 
_greater degree of purity than the classical ones. Even with the most careful emascu- 
lation more than 5% selfing usually occurs, whereas in MS lines this percentage 
amounts to about 0.1-0.5 %. Moreover, the plants are not damaged by emasculation, 
so that they suffer less from various diseases, can be fertilized more easily and produce 
__higher yields. 


7. PROBLEMS INVOLVED IN THE USE OF MS (7, 9, 10, 13) 
In order to exploit the above advantages to the full, the breeder of eross-fertilized 
varieties must change the genetical constitution of at least 25 % of his strains by the 
transference of the plasm factor for MS. In addition, he has to ensure that the MS 
lines finally to be utilized do not produce viable pollen under any of the conditions 
prevailing in practice. Factors capable of partially or completely restoring fertility mm 
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these lines should therefore be absent. Apart from this, however, such fertility resto- 
ring factors can render very valuable service in restoring fertility in the fields genetic- 
ally (see $ 8). 

The breeder has to be very careful in this matter, however, as impure hybrids and/ 
or unsufficient seed set in the fields may lead to large reductions in yield. Constant in- 
spection of all the lines and hybrids used is therefore necessary, even when genetically 
pure material is employed. 

These and other problems, for example the maintenance of MS lines in a homo- 
zygous state — have been solved satisfactorily in the case of cross-fertilized plants. In 
the case of self-fertilized plants a good seed set cannot be obtained without artificial 
pollination, with the result that only in some horticultural crops (for example the to- 
mato) can MS be used on a commercial scale. 


8. APPLICATION OF MS IN CROSS-FERTILIZED PLANTS (3, 5, 6, 7, 8, 9, 12, 14, 15) 


The transference of MS to fertile lines is effected by converting the available MS 
line into one that is useful to the breeder by repeated backcrossing with a good and 
fertile inbred line. For example: 


Onion — [(Smm X Nmm) Xx Nmm] Xx Nmm... 5) 
Beet — [(Sxxzz x Nxxzz) x Nxxzz] Xx Nxxzz... 


As the required number of backcrossing generations depends on the degree of re- 
semblance between the original MS line and the old inbred line, it is more effective to 
look for MS plants in the variety itself than to derive this factor from other varieties. 
In cases where MS plants have been sought on a large scale (In the Netherlands the 
onion; in the U.S.A. the tomato) they have almost always been found. 

If the inbred line which was used for backcrossing contains segregating factors 
which counteract the effect of the MS plasm factor, one has to ensure that a sufficient 
number of plants is always used for backcrossing, in that after the first backerossing 
generation some flowers of each plant are selfed in each generation. 

This method, of which a sketch is given below, can be practised with different maize 
varieties. 

Sxxzz XxX NXXZZ — SXxZz 


SXXZZ 
SSXxZz x NXXZzZ |sXxzz \ When selfed: producing 
SXXZz no MS progeny; are discarded 


ISXxZz| 6.25 % MS progeny 


By this means a limited number of backerossing generations followed by one selfed 
generation results in a genotype Sxxzz which differs only in its MS from the original 
types used by the breeder in creating his hybrids. 

DN Maintenance of the MS genotypes 


MS genotypes obtained in this way may best be maintained by vegetative propa- 
gation. If this is difficult or impossible the MS plants may be backcrossed each year 


à 1) It is customary to designate the plasm factor for male sterility by S and the factor normal plasm 
yN. 


120 


MALE STERILITY AND ITS IMPORTANCE IN BREEDING HETEROSIS VARIETIES 


with. their fertile sister-strains Nmm and Nxxzz, respectively. If the breeder does not 
have these genotypes at his disposal, as in the case of the beet last mentioned, this is 
first effected by pollinating the NXXZZ genotype with a genotype SXxZz from the 
last available backcross generation. NXXZZ crossed with SXxZz then gives 25 % 
NXxZz plants, which after a test cross with the MS genotype Sxxzz as maternal 
parent may be distinguished from the other genotypes NXXZZ, NXXZz and NXxZZ 
by the fact that they produce 25 % MS plants. In the year in which this cross takes 
place, all the genotypes mentioned are also selfed which makes NXxZz produce 6.25 % 
seeds of the desired genotype. This genotype can also be distinguished by test crossing 
from the other genotypes produced. With the aid of the Nxxzz plants to be homozy- 
gously increased by selfing, one can maintain the genotype Sxxzz according to the 
formula: 
‚> SXXZZ X NXXZZ — — — SXXZZ — 


b. Breeding of the single cross 


The breeding of the single cross with the aid of MS differs only in the absence of 
the need to emasculate the rows of mother plants as in the classical method. 


c. Breeding of the double cross and restoring fertility 


If seed is not to be mixed in order to restore fertility in the field this holds for the 
breeding of the double cross as well. If this is really the case, however, a number of 
rows CD, male sterile AB and normal fertile AB, are alternatively sown in the ratio 
2:4:2 to 2:2:4 in order to produce double crosses. The normal AB rows are emascu- 
lated and the inbred seed of CD is kept apart; the hybrid seed ABCD of both types 
AB rows is harvested as a mixture and sold on a commercial scale. 

Owing to the danger of demixing and the difficulties attached to the emasculation 
of AB it is preferable, however, to counteract the MS in the field genetically. With a 
view to this the hybrid CD is composed in such a way that it is homozygous for one 
or more dominant alleles which entirely counteract the effect of plasm factor for MS. 
These fertility restoring factors are then introduced into the lines C and/or D by 
repeated backcrossing. 

In order to prevent the loss of the fertility restoring factors desired to transmit, test 
crosses are in addition carried out every year with the available MS lines. After a 
number of backcrossing generations lines are available which cause normal fertility 
in the double crosses to which they belong. An example of this is summarized below: 


Inbred lines Single crosses Double crosses 
Genotypes Fertility Genotypes | Fertility Genotypes Fertility 
À == SXXZZ MS 
AB — SXxzZ MS 
== 
ie genk ABCD —=SXxZz | normal 
C —= NXXZZ normal 
CD —= NXXZZ normal 
D = NXXZZ normal 
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d. Control system 


The following control system for the production of hybrid seed has been evolved by 
INGERSOLL: The individual plants occurring in the propagation and single cross fields 
of the MS (maize) plants, and which produce some fertile pollen, are wholly discarded 
before the flowers appear. In the double cross field less than 0.5 % pollen is produced 
when the above-mentioned measures are carefully carried out. This double cross field 
is then inspected and the pollen producing plants standing in MS rows are emasculated 
but not removed, because superfluous pollen can only be of advantage in the fields 
the following year. 


9. APPLICATION OF MS IN SELF-FERTILIZED HORTICULTURAL CROPS (3, 14) 


One difficulty involved in the method described in $ 5 and 88 for cross fertilized 
plants is the long time needed for preparatory breeding work. Rrck has reduced this 
to one year in the case of the tomato. His method is based on the discovery that every 
tomato variety has about 0.1 % MS types in which the mode of inheritance is mainly 
monofactorial recessive. These MS plants can easily be identified by their small fruit 
set and consequently greater vegetative development; to make perfectly sure, however, 
that it is indeed an MS plant one has to dissect the anthers !). 

Owing to casual cross fertilization such MS plants always produce some seeds. The 
latter are sown out in the greenhouse immediately after harvesting, while the mother 
plant is propagated by cuttings. In-this way cuttings from the mother plant can be pol- 
linated as early as the following winter with pollen from the heterozygous plant Mm 
grown from the seed. The artificially pollinated mother plant mm gives 50 % seed of 
the MS genotype mm, which can be distinguished from the fertile heterozygotes Mm 
just before the flowering stage. These MS plants are pollinated by an adequate polli- 
nator and produce hybrid seed that can be sold commercially. The price of such seed 
in the U.S.A. is about $ 1 per 1000 seeds. 

The MS genotypes are maintained by artificial pollination with the fertile hetero- 
zygote Mm as mentioned above. Twice as many plants have thus to be sown as are 
thought necessary for the production of hybrid seed. 

Owing to the amount of labour in identification and pollination of the MS plants 
the method is not suitable for agricultural crops; it may be used, however, for many 
horticultural crops. 


10. RESULTS OBTAINED WITH MALE STERILITY (2, 8, 11) 


In the U.S.A, heterosis varieties of tomato have appeared in the catalogues of As- 
grow Inc. since 1942, and heterosis varieties of onion since 1949. The increased yields 
of the hybrids obtained with the aid of MS amounted in the tomato and the onion to 
more than 200 and 20 to 51 %, respectively, compared with open pollinated varieties. 

Preparatory measures to introduce heterosis varieties of sugar beet and maize are 
already in an advanced stage, while in the case of beet increased yield of 10 % sugar/ 
ha have been established in cases where MS was used. This percentage might have 
been considerably higher if the hybrids used had not proved to be extremely suscep- 
tible to Cercospora beticola. 


ï) We cannot deal in this article with the application of functional (male) sterility which is known, 
inter alia, in the tomato and there called the “John Baer type”. 
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These encouraging results make it conceivable that more important results can be 
obtained with other cross fertilized plants and self fertilized horticultural crops, in- 
cluding tobacco. 


SUMMARY 


On the basis of data from the literature, a survey of the occurrence and mode of in- 
heritance of male sterility in a large number of plant species is presented (Table 1). 

The importance of male sterility as a means of breeding heterosis varieties is indi- 
cated and the advantages attached to the use of MS, and the problems arising from 
it, are discussed. 

It is contented that the rarely oecuring types of plasmatically inherited MS offer 
good possibilities of utilization in the case of cross fertilized plants. The procedure to 
be adopted in using this type of MS is described in considerable detail in $ 5 and 8. 

It is regretable that, in self-fertilized field crops under conditions of natural polli- 
nation, the small seed set obtained presents serious difficulties in breeding hybrids on 
a scale which is commercially justified. In horticulture, however, where artificial polli- 
nation can be made to pay, hybrids have already been created with the aid of MS types 
possessing a monofactorial recessive system of inheritance and have been put on the 
market. The procedure adopted is described in $ 9. 

A survey is given of the results already obtained with MS in tomato, onion, sugar 
beet and maize, and it is anticipated that important increases in yield may also be 
obtained in other cross fertilized plants and self-fertilized horticultural crops with the 
aid of MS. 


SAMENVATTING 


Manlijke steriliteit en haar betekenis voor het kweken van heterosisrassen 


Aan de hand van literatuurgegevens werd een overzicht gegeven van het voor- 
komen en de wijze van vererving van mannelijke steriliteit in een groot aantal planten- 
soorten. (tabel 1). 

Gewezen werd voorts op de betekenis van mannelijke steriliteit als hulpmiddel bij 
het kweken van heterosisrassen, terwijl de aan het gebruik van MS verbonden voor- 
delen en de zich daarbij voordoende problemen werden besproken. 

Betoogd werd dat de schaars voorkomende typen van plasmatisch verervende MS 
goede toepassingsmogelijkheden bieden voor gebruik in kruisbevruchters; de bij het 
benutten van dit type MS te volgen werkwijze werd uitvoerig aangegeven in de para- 
grafen 5 en 8. 

Helaas vormt in zelfbevruchtende akkerbouwgewassen bij natuurlijke bestuiving 
de geringe zaadzetting van MS planten een ernstig beletsel voor het op commercieel 
verantwoorde wijze kweken van hybriden; in de tuinbouw, waar men veelal kunst- 
matige bestuiving rendabel kan maken, werden echter met behulp van monofactorieel 
recessief verervende vormen van MS reeds hybriden verkregen en in het verkeer ge- 
bracht. De hierbij gevolgde werkwijze werd beschreven in paragraaf 9. 

Een overzicht werd gegeven van de reeds met behulp van MS bereikte resultaten 
bij tomaat, ui, suikerbiet en mais, terwijl de verwachting werd uitgesproken dat ook 
bij andere kruisbevruchters, zelf bevruchtende tuinbouwgewassen en tabak met behulp 
van MS nog belangrijke meeropbrengsten in de practijk te behalen zullen zijn. 
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1. INTRODUCTION 


Club root (Plasmodiophora brassicae) a destructive root disease of the Cruciferae 
and of world wide distribution, is caused by a fungus discovered by WORONIN in 1878. 

This report gives a detailed account of the occurrence, the damage, and the proce- 
dure and the results of field experiments of club root in the Netherlands. 


2. THE ATTACK BY CLUB ROOT 


The symptoms of club root have probably been known for centuries, but there were 
very different opinions as to the cause. It was thought at first that eelworms or insects 
might be the causal organisms. Confusion between club root and the root swellings 
caused by the turnip gall weevil (Ceutorrhynchus pleurostigma) is indeed possible on 
the face of it (Fig. 1). 

The most evident symptoms of club root are the occurrence of small and large irreg- 
ular swellings of the „bulbs” or the roots (Fig. 2). The galls turn brown later on and 
decay. Though the above-ground parts show but little of the infection at first, when 
severely attacked the leaves of turnips turn yellow and wilt, especially on warm days. 
The diseased plants are inhibited in growth and sometimes die entirely. 

It is generally supposed that an acid, moist soil promotes the infection. There is less 
infection when the pH level is high, but even then it is possible. HONIG (1931) cites 
observers who came across club root at a pH of more than 8, even at 8.8. 

The temperature has influence too. The optimum temperature for infection is be- 
tween 20 and 25 °C, according to KARLING (1942), but an infection is possible over a 
much larger range of temperatures. The optimum is higher when the soil is less acid 


Fig. 1. SYMPTOMS OF CEUTORRHYNCHUS PLEUROSTIGMA WHICH CAUSE CONFUSION WITH THOSE OF 
PLASMODIOPHORA BRASSICAE. RIGHT IN DETAIL 
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Fia. 2. SYMPTOMS OF PLASMODIOPHORA BRASSI- 
CAE IN TURNIPS 


(COLHOUN, 1952). In our trials with turnips, sown as a catch crop, we got the impres- 
sion that club root infection is less when sowing in summer is late, apparently because 
of the influence of temperature. 

The growing of resistant varieties is the most effective way to control club root. 
Other measures often present difficulties. 

Control by crop rotation is only possible when cultivation of susceptible crucifers 
is not practised. As the spores have a rather long life time (about 5-7 years) the effect 
of crop rotation is only perceptible in the long run. The destruction of diseased plants 
prevents a quick distribution, but this is often difficult to accomplish. Susceptible 
eruciferous weeds can maintain and spread the disease, moreover ; extension may also 
take place by way of manure. 

A considerable rise of the pH level is often difficult e.g. with a view to the growing 
of potatoes on Dutch sandy soils and, moreover, it is not adequate. 


3. OCCURRENCE OF CLUB ROOT IN THE NETHERLANDS 


Club root occurs more or less wherever crucifers are regularly grown. The disease 
is not yet a serious menace to cultivation in the Netherlands, except in regions where 
an intensive growing of erucifers has taken place for many years. Apart from the culti- 
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vation of cabbage crops and other crucifers in the horticultural areas and in gardens 
this is practically only the case with turnips in certain regions. 

There is only a small area of swede rapes in the Netherlands and club root rarely 
occurs in this crop. In Scandinavia, where this crop is more important, attention is 
also given to club root in swedes and to the breeding of resistant varieties. 

In turnips it is difficult to estimate the extent of occurrence of club root. On sear- 
ching for heavily contaminated plots we noticed that they cannot easily be detected in 
the regions south of the large rivers (Rhine, Meuse and Waal, dividing this country 
into a northern and southern part). This is a striking feature, considering the intensive 
growing of turnips in North Brabant (a province of the Netherlands, situated south 
of the large rivers). It may be connected with the pH and /or the soil moisture. In the 
Gelderland Valley (north of the Rhine), the Achterhoek, Twente and Drente (east part 
of the country) there were various more or less infested plots. A severely contaminated 
area is also the river clay around Deventer and between Deventer and Zwolle, one of 
the few clay soils where many turnips are being grown. 

We have the impression that club root in turnips is gradually spreading in most 
areas. The rate of this extension is not alarming, it is true, but there are plots where 
susceptible varieties utterly fail. Moreover, it was proved from our trial plots that the 
infection increases rapidly within a certain number of years when very susceptible var- 
ieties are grown. The extension of club root can be greatly checked by growing 
more or less resistant or immune varieties, in our opinion. 

MEYER (1952) states that the cultivation of turnips is no more possible owing to 
club root at some holdings near Hengelo (east part of the country). He too gives 
examples of a rapid distribution of the disease when highly susceptible varieties are 
grown. 


4. THE DAMAGE CAUSED BY CLUB ROOT 


It stands to reason that the damage depends upon the degree of infection and on the 
circumstances which have already been mentioned in the introduction. The nature of 
the crop or of the variety plays a part too. In connection with this we might distinguish 
damage due to: 


a. Destruction of young infected plants. 
b. Growth inhibition after infection. 
c. The fact that the attacked part of the plant is an essential one of the crop. 


d. Rapid decay after storage. 


In crops like kale and summer swede-like rape the damage mentioned under c plays 
no part. The total damage caused by club root in such crops is therefore less than in 
erops like swedes and turnips of which the parts to be harvested are also heavily dam- 
aged. The same reasons render it plausible that we found less reduction in yield at 
the same susceptibility in our trial plots, as long as the turnip varieties were more 
abundant in leaf formation. 

The rapid decay of clubbed swedes is a great drawback to storage. Consequently 
it is not possible to harvest a fair supply of turnips with club root. 

In 1953 we investigated the yield reduction caused by club root in turnips on a heavily 
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infested plot at Bennekom (near Wageningen). Varieties with different susceptibility, 
which yielded about the same on non infested plots, were compared. If diseased and 
healthy plants were harvested together, highly susceptible varieties proved to yield 
about 35 % less dry matter than slightly susceptible varieties; if the diseased part of 
the root was removed the yield reduction amounted to about 45 %. And if the diseased 
plants were rejected as a whole, the yield reduction was about 80 %. 

In slightly susceptible varieties 15 % of the plants was lost, in highly susceptible ones 
30-40 °%. The resistant varieties had a much smaller percentage of affected plants than 
the very susceptible ones. 

The dry-matter percentage of the affected part of the root was 2 %5 higher than that 
of the healthy part (on our trial field we found averages of 10.5 % and 8.6 % respective- 
ly). The N-content of the dry matter of the damaged part was + 1.3 % higher (3.9 % 
and 2.6 % resp.) and the sugar content was 14 % lower (10 % and 24 % resp.). 

Contrary to the results of SSACHAROFF (stated by KARLING) we found no correlation 
between a low sugar content of the root and club root resistance. 

FINDLEY (1931 — Scotland) found a yield reduction of about 20-75 % on moder- 
ately infested soils and of about 75 % to almost 100 % on heavily infested soils, depen- 
dent on the susceptibility of the varieties. 

VAN SLIJCKEN (1949 — Belgium) found damage of about 15 % for a moderately sus- 
ceptible variety on a badly infested plot and of about 90 % for a highly susceptible 
variety. The destruction of the plants proved to be an important cause of the damage. 

LINDFORS (1925 — Sweden) states a close relation between yield and the percentage 
of damaged and lost plants. The damage was so extensive that one should really call 
it a crop failure. 

The above -mentioned examples are therefore a serious warning not to neglect the 
use of turnip varieties which are sufficiently resistant to club root and they make it 
clear that it will be worth while to breed for resistance. 


5. METHODS OF FIELD INVESTIGATION 


In 1943 the Commission for Research on Varieties on behalf of the Corporation for 
Seeds and Planting Material of Agricultural Crops and Meadows began a systemati- 
cal investigation on the susceptibility of the many turnip varieties in the Netherlands. 
For this purpose a plot was found which was badly affected with club root and belonged 
to the farmer J. v. KAMPEN, Bennekom. In all 144 varieties were sown out, allotted — 
to the following types: 

Flat round yellow, Flat round white, Round purple top yellow, Round yellow, 
Round green top yellow, Round purple top white, Round green top white, Round 
white, Halflong green top yellow, Halflong blue top white, Halflong green top white, 
Long yellow, Long purple top white, Long green top white and Long white. 

The distribution of the contamination is generally variable, so many replications 
are necessary in order to get a reliable impression. This obliged us to sow only 1 or 2 
short rows per replication of a variety; 10-20 of these replications were laid out, if 
possible. At the harvest the number of diseased and healthy roots were counted and 
a figure was given for the degree of damage in the diseased roots. 

Many plants were affected in such a way that they died in a young stage and disap- 
peared. At harvest time a high percentage of entirely healthy plants of a highly suscep- 
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tible variety can be found in some cases. It is necessary to count the number of plants 
immediately after emergence on such plots and to account for the number of destroyed 
plants. 

Club-root trial fields have also been laid out at several other places in the Nether- 
lands in the course of years. The contamination was generally considerably heavier 
than is generally the case in practice. Other crops were also included in the investiga- 
tion on some badly affected plots. We are indebted to the Agricultural Advisory 
Service for most of the addresses. 


6. DIFFERENCES BETWEEN THE CROPS 


Not all crucifers are susceptible. According to KARLING 89 out of 318 investigated 
species were attacked by club root. Several cruciferous fodder crops have been tested 
for club root resistance on our trial fields (Figs 3, 4 and 5). Without considering the 
varietal differences within the species, which are sometimes important, we state here 
the average percentages of diseased plants on some badly infested trial fields (in the 
case of turnips the average percentage of the susceptible varieties has been taken). 


Fre. 3. 


CLUB ROOT IN KALE 
(SOWN IN THE STUBBLE) 


TABLE 1. SUSCEPTIBILITY TO CLUB ROOT OF SOME CROPS 
A 


edig | Plants damaged 
Gróp young stage Beva OVS 
d lants 
» | (in %) surviving plan 
ee 
Kale (sown), Brassica oleracea var. acephala. …… … 10 15 
Chinese radish, Raphanus sativus var. niger … (0) 20 
Swedes (sown), Brassica napus var. napobrassica …… ………-» 20 55 
Summer swede-like rape, Brassica napus var. napus ..… …... 15 80 
Turnips, Brassica campestris var. rapa … Ee 35 85 
Summer turnip-like rape, Brassica campestris var. Eea 35 bi 
White mustard Sinapisalban mas var nen an 25 


ir Be nn Kn han 
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FIG. 4. CLUB ROOT IN SWEDES (SOWN IN THE STUBBLE) 


On considering the above-mentioned figures we should bear in mind that the con- 
tamination has notably been caused by the cultivation of turnips. The action of physio- 
logical races (page 134) may have been of influence. Apart from that the percentages of 
diseased plants as well as those of the destroyed plants differ much. It is conspicuous 
that no plants of the Chinese radish have been destroyed. KARLING and others reported 
that Chinese radish should be immune, but we could not confirm this statement in our 
trials (20 % attacked plants). The degree of damage to this crop was very small, 
however. 


FIG. 5. CLUB ROOT IN SUMMER SWEDE-LIKE RAPE (SOWN IN THE STUBBLE) 
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7. VARIETAL DIFFERENCES 


Only in swedes and turnips we found considerable differences in susceptibility 
between the varieties. The “Yellow green tops” of the swedes were less susceptible 
than the other varieties which belonged to the types “Frisian Yellow”, “Yellow Giant”, 
“Dutch purple top”, “Bangholm”, “Large-leaved purple top”, “Round white” and 
“Half-long white”. Differences were very slight on badly infésted plots. 

The most important differences exist between the turnip varieties which will be 
dealt with more extensively therefore. In connection with the large number of varieties it 
will generally suffice to state the average damage per type. The reaction of the varieties 
of a certain type is mostly similar. When considerable differences within the type have 
been established they will be mentioned in the course of this report. An estimate in 
this respect is also given by the Dutch Descriptive List of Varieties of Field Crops. 

In Table 2 the % of attacked plants on several trial fields has been stated as well as 
the % of destroyed plants on badly affected plots. 


TABLE 2. THE SUSCEPTIBILITY OF A NUMBER OF TYPES OF TURNIPS *) 


Average percentage of plants infested Percentage of 
(in % of the surviving plants) plants destroy- 
Name of variety | ed in a young 
| 7 moderately trial field 7 very highly badiy aleeed 
| affected plots | Hengelo 1948 | affected plot Ï 
| attected plots engelo alfected Plots plots 
| 
Halflong purple top white .. | 15 19 | 76 33 
(incised leaves) | | 
Halflong purple top white ..… | 20 28 78 33 
(endive-leaved) 
Halflong green top white. … . | B5 88 | 77 28 
Halflong green top yellow . 8 33 | 35 11 
Round purple top white .. . | B 79 85 35 
Round green top white . .. 38 83 89 36 
IRCE CHEW ET LE: Pans Menan tn ea 38 87 | 
Round purple top yellow . . 28 | 73 
Round green top yellow . . . 27 
Round yellow turnip …. ... 32 84 76 29 
Flat yellow turnip. . ..-. 30 73 71 31 
JE 40 85 91 
Long purple top white. . . . 38 92 89 40 
Long green top white .. .. 42 91 91 41 
EGER VELO en on ee 39 86 88 40 


1) The contamination of the trial fields is considerably heavier than is generally the case in practice. 


It appears from this table that the type Halflong green top yellow (Fig. 6) is least 
susceptible to club root. The damage of the Halflong purple top white was similar to 
that of the Halflong green top yellow on the trial field Hengelo only. 

Hardly ever the “Halflong purple top white” (Fig, 7) appears to be the least SUS- 
ceptible, subsequent to the “Halflong green top yellow”. The principal varieties of 
turnips in the Netherlands belong to the “Halflong purple top white” type. 

On highly affected plots the yellow-fleshed turnips and the “Halflong green top 
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Fia. 6. HALFLONG GREEN TOP YELLOW TURNIP. 
UPPER ROW 3 HEALTHY PLANTS; BELOW 
3 PLANTS ATTACKED BY CLUB ROOT 


white ”have the same % of attacked plants as the ““Halflong purple top white”, on 
little infested plots and in Hengelo more, however. 

The “Round purple top white”, the “Round green top white” and the “Round 
white turnip’”’ are more susceptible and the “Flat white turnip”, the “Long purple top 
white”, the “Long green top white” and the “Long yellow turnip” prove to be the 
most susceptible ones. 

Within the type of “Halflong purple top white” there proves to be the greatest vari- 
ation in susceptibility. There are only small differences between the varieties of the 
other types. Furthermore it should be mentioned that the degree of damage to the 
diseased roots of the types “Halflong green top yellow” and “Halflong purple top 
white” is inferior to that of the other types. The difference is already somewhat evident 
in comparing Figs 6, 7 and 8. 

On a badly club-root affected plot the stand of turnips is poor, owing to the fact 
that part of the plants is destroyed, as was already mentioned. 

From Table 2 it proves that on badly affected plots there is a certain relation be- 
tween the % of destroyed plants and the % of attacked plants. 

OLSSON (1940) had the same experience; 60 % of the plants of a very susceptible var- 
iety was destroyed on a highly affected plot, only 10 % of a fairly resistant variety. 

In various countries (including the Netherlands), breeding work on club root 
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FIG. 7. HALFLONG PURPLE TOP WHITE TURNIP. 
UPPER ROW 3 HEALTHY PLANTS: BELOW 
3 PLANTS ATTACKED BY CLUB ROOT —_s 


Fi. 8. HEAVY CLUB ROOT ATTACK IN ÖSTER- 
SUNDOM TURNIPS 


resistance is being done. Several more or less resistant varieties have been found in 
the course of years, but immune varieties are not yet in commerce. 
KARLING mentions 30 varieties that are fairly resistant a.o. Bruce, Ilmmuna, Öster- 


sundom. 
We have investigated a number of these varieties and the following Table states the 


results. 


TABLE 3. DAMAGE BY CLUB ROOT OF SOME VARIETIES STATED AS RESISTANT 


Name of variety 9% attacked plants 
Long purple top white .... | 85 (for comparison) 
Meetjeslander (selection from Rotel green Op zasie Edie. Evel 
Waarschoot) . ... kn 24 
Waaslander (selection Fom Long uden lor Bike Daka: 5 20 
Weibullsnmuna,llestecesecrei aen B Wien BAE EED age Bieren 76 
Osters(ndornn ss We aan Eat a Ek ED 


VAN SLIJCKEN too has tried out different varieties and types at Daknam (Table 4). 
The varieties Meetjeslander and Waaslander are selections of the State Experiment 
Station at Melle (Belgium). These 2 varieties prove to be fairly resistant. The varieties 
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TABLE 4. DAMAGE OF CLUB ROOT TO A NUMBER OF VARIETIES AND 
TYPES ACCORDING TO VAN SLIJCKEN 


Name of variety | 9%, attacked 

Long purple top Daknam ......-..- nt | 0.6 
Round white endive-leaved Waarschoot . . . … | 0 

Östersundom (Long purple top white). .... | 100.…— 
Bruce (Round purple top white) ....... | 78.8 
Round parplestopavhite rm he | 98.3 
Roundsercemtopkwhite nemen: Betz | 97.3 
Round green top yellow. . . .... EE | 93. 
Halflong greemtopsyvellowstsnn en 58.7 


Bruce, Immuna and Östersundom (Fig. 8) appear to be seriously affected by club root. 

Only little is known about the cause of the resistance. A correlation between the 
pungency of taste as a consequence of a high content of mustard-oil and resistance to 
club root does not appear to exist. LACKAMP (1947) found no relation in comparing 
different types, while we too could not establish a correlation within a certain type. 

Though it might be interesting to know which properties determine resistance to 
club root, itis most important to know that it concerns here a genetic disposition. Ac- 
cording to WALKER (1951) resistance to club root in cabbage is due to recessive factors. 
It is certain that something can be achieved by selection without sacrificing a sweet 
taste. Species crosses or crosses with the type “Halflong green top yellow” to obtain 
a resistant “Halflong purple top white” do not seem to be necessary in the first in- 
stance. 

OLSSON gives an example of selection with the variety Svalöfs Majrova Jo 13. 


TABLE 5. RESULTS OF A SELECTION ON RESISTANCE TO CLUB ROOT WITH A SWEDISH TURNIP VARIETY 


Percentage healthy Percentage little | Percentage heavily 
nts attacked plants attacked plants 
Commercialiseeda nn 26 12 62 
After 1 year selection ..... 40 13 47 
After 2 years selection . .... 66 8 26 


In the Netherlands too some results of selection look favourable. Some resistant 
varieties of the Halflong purple top white type have been released for observation. 


8. PHYSIOLOGICAL RACES 


Several observers have suggested the existence of physiological races of Plasmodio- 
phora brassicae. In 1931 HoniG published trials which made the existence of physio- 
logical races evident. We have copied the following Table 6 from him. 

The results make it clear that the ratio of susceptibility of some species belonging 
to different genera is not equal for both the club root strains mentioned. 

In the Annual Report 1951 of the I.P.O. (Institute for Phytopathological Research, 
Wageningen) it is said that at least 3 physiological races exist, including a cabbage 
strain and a turnip strain. The above examples bear upon physiological strains of 
different species (genera). 
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TABLE 6. INFLUENCE OF THE CLUB ROOT STRAIN ON THE PERCENTAGE OF ATTACKED PLANTS 


The percentage of attacked plants by club root from: 
Species a Er Tae Ee 
Raphanus sativus | Brassica ol. gongylodes 
GOMelnaISat Evan n 21.4 | 100 
IBEOSSTEOITIES FOR En É 10.3 61.6 
Raphanusleijerusss wenn: 85.0 | 18.1 


On the basis of our extensive trial field material we too have investigated the possi- 
ble existence of physiological races in turnips. We want first to analyse the results of 
some trials which demonstrate that one should be careful with his conclusions. The 
results of some other trial fields make the existence of physiological races probable 
however. 

In Table 7 we have stated the percentage of affected plants of a number of types as 
they have been found on some trial fields in several years. At Dwingelo and Erm (east 
part of the country) the trial fields were laid out on the same plot. 


TABLE 7. THE PERCENTAGE OF PLANTS AFFECTED BY CLUB ROOT ON SOME TRIAL FIELDS IN DIFFERENT 


YEARS 
Dwingelo Erm Bennekom | Hengelo 
Name of varieties 4 
1947 1949 1946 1948 1948 1948 
Halflong purple top white. .. . | 12 17 9 11 5 19 
(incised leaves) 

Halflong purple top white. . . . | 27 35 8 6 62 28 
(endive leaved) 

Halflong green top white .... | 26 25 58 88 
Halflong green top yellow. . . Te) 3 0) l Lan 33 
Round purple top white .... 33 70 46 25 74 79 
Round green top white .. ... 41 23 69 83 
ROundwhite SA Re. 20 le 47 27 65 87 
Round purple top yellow .. .. 20 27 56 75 
Blatsvellow:tarnipss ee 4. >: 24 64 18 30 5 VE) 
Round yellow turnip .. .... 31 21 52 84 
EG ETD 85 28 72 85 
Long purple top white ..... 36 28 72 92 
Fong ereen toplwliite.. …—……. 41 28 79 91 
BOUSVEllSWAM MER A er tn 2 35 gj, 86 


1) Other varieties than at Dwingelo 1949. 


We can first make a comparison between the percentage of affected plants in the 
dry year 1947 and in the less dry year 1949 on the same plot at Dwingelo. In the dry 
year 1947 the damage was inferior to that of 1949. Moreover, the ratio of the EniecHlon 
of the ““Halflong purple top white” on the one hand and the “Round purple top white 
and the “Flat yellow-fleshed turnips” on the other hand is different in the two years. 
The same trend is apparent in the trial field at Erm in the years 1946 and 1948. It should 
be noticed that the damage to the “Halflong purple to white” is practically the same in 
both years, the yellow-fleshed types (with the exception of the “Round yellow-fleshed 
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turnips”’) were less affected in 1946 than in 1948 and the reverse applies to the other 
types. 

TE the results of these two trial fields it seems probable that the differences 
between the moderately susceptible and the highly susceptible types on a slighthy affec- 
ted plot are smaller than when the contamination is somewhat heavier. With a heavier 
infection the susceptible forms are relatively more seriously affected than the types 
that are little susceptible. If we compare the % of attacked plants on a slightly infested 
plot and a very badly affected plot (Table 2) it is evident that by very heavy contami- 
nation the moderately susceptible varieties are also heavily affected and that the diffe- 
rences between the types on a high level of contamination are still smaller. 

It seems acceptable that in different commercial fields there may exist differences 
in the ratio of the percentage of attacked plants of the different types, without assu- 
ming the existence of physiological strains. It is highly questionable that on the plots 
mentioned (Erm, Dwingelo) a mixture of physiological races might occur of which 
the optimal circumstances for infection should differ. 

When comparing the results on the trial fields at Hengelo and at Bennekom (Table 
7) it is clear that the ratio of the affected plants of the “Halflong purple top white” 
and the other types differ on these two trial fields. At Hengelo the “Halflong purple 
top white” are far less affected than those at Bennekom, whereas all other types 
at Hengelo are heavier damaged. 

Hengelo can be called a badly-affected plot. The differences occurring in these two 
fields cannot be explained in the same way as those of the trial fields at Dwingelo and 
Erm. 

It might be supposed that at Bennekom more plants of the different types have been 
destroyed than at Hengelo. At Bennekom only the fairly resistant plants should have 
survived and consequently there might have been found a low percentage of affected 
plants. On the contrary it was proved that at Hengelo more plants had been destroyed 
than at Bennekom. 

From one of the breeders (_N. V. J. JOORDENS) we also received some data referring 
to club root damage on the same trial fields. 


TABLE 8. THE ATTACK OF SOME TYPES OF TURNIPS ON TWO TRIAL FIELDS IN 1953 ACCORDING TO DATA 
FROM N.V. J. JOORDENS 


EE eee 


Percentage of plants attacked 
Name of varieties by club root 


Hengelo 1953 | Bennekom 1953 t) 


Halflong purple top white A ........... 5.6 | 16.0 


Halflong purple top white B. . . ... PE 8.8 315 
Waaslander (Long purple top white) .. .. —... 34.6 | 5.0 


1) Owing to late sowing the percentage of damaged plants is rather low. 


It ds apparent from the above figures that the “Long purple top white” was 
heavier affected than the “Halflong purple top white” at Hengelo; at Bennekom the 
proportions are the reverse. 


Considering the differences in results at Hengelo and Bennekom it seems probable 
136 


INVESTIGATION ON THE SUSCEPTIBILITY TO CLUB ROOT 


that in these two plots there are different physiological races which show a different 
“spectrum” in turnips. 

A comparison of the results from the trial fields at Dwingelo 1949 and Hengelo 
1948 does not render it necessary to suppose the action of different physiological races 
(Table 7). 

If the results obtained by VAN SLIJCKEN in his trial fields are compared with ours 
(Tables 3 and 4) it seems possible that different physiological strains have played a 
part. Several varieties (“Round purple top white”, “Round green top yellow”, “Half- 
long green top yellow”) were very heavily affected at Daknam, whereas Meetjes- 
lander and Waaslander were practically immune (at Daknam). Contrarily, on our 
trial fields also the last mentioned varieties were considerably attacked. 

In breeding it seems advisable to consider the possibility of the existence of physiol- 
ogical races. In our opinion it is sufficient when the breeder, working within the type 
““Halflong purple top white”, chooses a plot where the type to be improved is heavily 
infected. He then probably also establishes sufficient resistance to the physiological 
races that cause a smaller degree of damage. This is not sure, however, so that it may 
also be necessary to do the breeding work on several fields. 


SUMMARY 


Club root (Plasmodiophora brassicae) is a destructive disease of several cruciferous 
crops in practically all countries. The cultivation of resistant varieties offers the best 
possibility for control. 

This disease causes in some areas of the Netherlands considerable damage to tur- 
nips which are frequently grown as a catch crop in many regions; other cruciferous 
crops are generally grown on a much smaller scale. 

On badly infested plots we found a yield reduction ranging from 35-80 %, depending 
on the method of calculation. In foreign literature (FINDLEY, VAN SLIJCKEN and 
LINDFORS) figures ranging between 15-100 % are reported. 

Crops and varieties with an abundant foliage give with an equal infection a smaller 
yield reduction than crops and varieties with a smaller amount of leaves. 

The affected part has a somewhat higher dry matter content and a higher N-content 
in the dry matter. The content of sugar is considerably lower. 

Resistance of some crops and of many turnip and swede varieties has been investi- 
gated by means of field experiments, carried out in several years. The infection by 
club root fluctuates, so that a great many replications are required. 

Table 1 gives a summary of the susceptibility of some fodder crops. Contrary to 
KARLING and others we found that Chinese radish is not immune. 

As to the turnip types we refer to Table 2. The varieties belonging to the types 
““Halflong green top yellow”, “Halflong purple top white”, “Flat round yellow tur- 
nip”, and “Round yellow-fleshed turnip” are less susceptible than varieties belonging 
to the other types. Within the type “Halflong purple top white” to which the principal 
varieties of the Netherlands can be ranged, there appears to exist the greatest variation 
in susceptibility. Several foreign varieties stated as resistant were more or less badly 


affected (Table 3). 
The percentage of destroyed plants correlates with the percentage of affected plants. 
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Resistance may correlate with sweet taste. Some resistant varieties are now being 
investigated in the Netherlands. 

The results of some of our trials suggested the existence of physiological strains of 
club root within the crop turnips. Several examples of such physiological races in 
various crops have been mentioned in literature. 

In breeding work we consider it advisable to allow for the existence of physiolog- 
ical strains of club root within the crop turnips. 


SAMENVATTING 


Onderzoek naar de vatbaarheid voor knolvoet 


Knolvoet (Plasmodiophora brassicae) is in praktisch alle landen een belangrijke 
ziekte voor verschillende kruisbloemige gewassen. De verbouw van resistente rassen 
biedt nog de beste perspectieven voor de bestrijding, omdat andere maatregelen vaak 
op practische bezwaren stuiten. 

Deze ziekte veroorzaakt in sommige streken van Nederland nogal schade bij het 
gewas stoppelknollen, dat in tal van streken veelvuldig wordt verbouwd; andere kruis- 
bloemige gewassen worden gewoonlijk minder intensief verbouwd. 

Op zwaar besmette percelen constateerden wij een opbrengstderving van 35-80 %, 
af hangende van de wijze van berekening. In de buitenlandse literatuur (FINDLEY, VAN 
SLIJCKEN en LINDFORS) vindt men opgaven van 15 %-100 %, verband houdende met 
vatbaarheid der rassen en zwaarte van besmetting. Schade kan veroorzaakt worden 
door wegvallen van zeer jonge planten, groeiremming, aantasting van het te oogsten 
deel of door snelle rotting. 

Bladrijke gewassen en bladrijke rassen geven bij gelijke aantasting een geringere 
oogstderving dan minder bladrijke gewassen en rassen. 

Het aangetaste deel heeft een wat hoger drogestofgehalte en een hoger N-gehalte in 
de drogestof. Het suikergehalte is belangrijk lager. 

Door middel van veldonderzoek op een achttal percelen, uitgevoerd in verschillende 
jaren, is de resistentie van enkele gewassen en bij stoppelknollen en koolrapen van vele 
rassen nagegaan. De besmetting door knolvoet is per perceel wisselvallig, zodat zeer 
veel herhalingen gewenst zijn. 

Tabel 1 geeft een indruk van de vatbaarheid van enkele voedergewassen. 

In tegenstelling met KARLING en anderen vonden wij, dat Chinese zomerramenas 
niet immuun is. Bij koolrapen waren de „Gele groenkoppen” enigszins resistent in 
vergelijking met andere rassen. 

Voor de stoppelknollentypen zij verwezen naar tabel 2. De rassen behorend tot de 
typen „Halflange gele groenkop”’, „Halflange witte blauwkop”, „Platronde gele” en 
‚„Ronde gele” (Gele boterknollen) zijn minder vatbaar dan rassen behorende tot de 
overige typen. Binnen het type „Halflange witte blauwkop”, waaronder de belang- 
rijkste rassen in Nederland gerangschikt kunnen worden, blijkt de grootste variatie 
in vatbaarheid te bestaan. Verschillende buitenlandse, als resistent beoordeelde rassen 
werden meer of minder zwaar aangetast (tabel 3). 

pi percentage weggevallen planten correleert met het percentage aangetaste 
planten. 
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Resistentie lijkt wel verenigbaar met zachte smaak. In Nederland zijn thans enige 
resistente rassen in onderzoek. 

Op enkele proefvelden gaven de uitkomsten ons aanleiding tot de veronderstelling, 
dat er physio’s bestaan binnen het gewas stoppelknollen. 

Er zijn verschillende voorbeelden in de literatuur vermeld van physio’s bij verschil 
lende gewassen. 

Er is verder nog een voorbeeld gegeven, waaruit blijkt, dat men voorzichtig moet 
zijn met conclusies hierover. 

Bij de veredeling lijkt het ons gewenst met de mogelijkheid van het bestaan van ver- 
schillende physio’s binnen het gewas stoppelknollen rekening te houden. 
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1. INTRODUCTION 


At the Potato Breeding Station of the Foundation for Agricultural Plant Breeding, 
Marknesse, a new method of raising potato seedlings is being used which has drawn 
the attention of potato breeders. 

The author gives details about the raising of potato plants from seed in glasshouses 
in order to obtain virus-free starting-material for the breeding work. 


2. THE OLD METHOD 


It is possible to sow potato seed successfully in the open on nursery beds and to 
raise plants from them that can be assessed for their potential qualities in the first year. 

Because of the high susceptibility of the potato to frost the work was transferred 
under glass, pricking the plants out in pots after which the hardened plants are trans- 
planted into the open as soon as danger by frost is past. 

In the Netherlands the greater part of some 350.000 first year seedlings are planted 
in the open after May 15th and the plants are lifted as early as the middle of July in 
order to prevent contamination of the tubers with virus. The foliage is still green then 
and at this stage they are tested as far as possible for certain properties. 


3. THE NEW METHOD 


On the Prof. Broekema farm, the potato breeding station of the Foundation for 
Agricultural Plant Breeding, another method of raising has been used for the last five 
years. 

The seedlings are sown in glasshouses (Fig. 1) and stay there (planted in pots) until 
they are ready for harvesting. Contamination with virus is prevented by fumigation 
with nicotine or parathion twice a week (Fig. 2). 

From the harvested tubers, second year seedlings are grown in the field the fol- 
lowing year. They are considered as first year seedlings, however, since they are not 
grown from true seed, but from the small tubers which grew from seed in the glass- 
houses during the first year. 


In order to exploit the glasshouses as economically as possible, two generations of 
seedlings are raised yearly. 

As potato seedlings require about 4 months to grow from seed to a full-grown 
plant, an even more intensive use of the glasshouse might be possible, but this would 
require too great an expenditure on heating and artificial lightning-equipment. So 
only two crops are raised 


The first sowing is made towards the end of January. In a small heated glasshouse 
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FIG. 1. AFTER EMERGENCE OF THE SEED EXTRA LIGHT IS GIVEN BY MEANS OF HIGH TENSION MERCURY 
LAMPS 


Fig. 2. CONTAMINATION WITH VIRUS IS PREVENTED BY FUMIGATION WITH NICOTINE OR PARATHION 
TWICE A WEEK 


141 


G. A. THIJN 


about 90.000 seeds are sown to obtain 60.000 plants for large glasshouses of 32 x 
10,5 m *). 

After emergence extra light is given by means of high tension Mercury lamps from 
4 till 9 a.m. One lamp of 125 W hung at a height of } m is used to irradiate 1 m* (one 
square meter). 

Under these circumstances strong plants are attained which are planted in pots in 
the glasshouses towards the end of February. These pots with an outside diameter of 
10 cm are placed (without soil) in fine moist peat (Fig. 3) and afterwards filled with 
a rich compost. 

From now on no extra light is given and in the glasshouses which are slightly heated, 
the plants (Fig. 4) grow up to a height of 25-30 cm. This is sufficient for the formation 
of tubers of about 2 cm diameter (Fig. 5). 

The usual differences between the progeny plants of one cross, such as differences 
in maturity, stolon-length, tuber colour, shallowness of eyes, and shape and size of 
the tubers appear to be present at this stage, so that a selection for some characters 
can be made. 

Special attention is paid to stolon-length, shallowness of eyes and tuber-shape, 
since it has appeared that the glasshouse seedlings can be successfully selected for 
these characters. 

The percentage of plants being kept fluctuates between 20 and 90 % in selections 
but on an average this is some 60 %. 

Only one tuber, the largest, of each plant is usually kept and the tubers of each 
crossing are put in a separate tray (Fig. 6). 

These small clones which are harvested in May or June and which must not be 
planted before April of the following year, are stored in an electrical refrigerator at 
a temperature of 4° Centigrade. 

About a month before the lifting of these seedlings we sow for the second time to 
raise plants that are placed as a “second crop” in the pots (of their predecessors) 
which were again filled with soil. 

These plants are harvested in October or the beginning of November. The clones 
which have been grown from these plants are not placed in the refrigerator, but in a 
store with outside air cooling, where from the end of November till the beginning of 
March a temperature of 2-4° Centigrade can be maintained. 

All clones are then stored at a temperature of 8-10° Centigrade until the middle of 
April when they are again planted. 


By irradiation with TL-tubes, strong sprouts are produced which guarantee a good 
emergence. 


4. ResuLTs 


As mentioned above, by the use of glasshouses virus-free tubers can be obtained 


from seed. These tubers, after a preliminary selection, can be planted in the field in 
the following year. 


This method has great advantages. 


1) If certain sowings must be inoculated with Phytophthora infestans, the number of seeds is much 
larger, of course. 
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FIG. 4. SURVEY OF THE INTERIOR OF A GLASSHOUSE 


a. From a seed a plant develops with a main root and laterals, so that one can 
actually speak of a plant. 

A plant, however, which grows from a potato tuber develops in a quite different 
way. From one tuber various eyes grow out to stems with adventitious roots which, 
though originating from one tuber whichs acts as a preliminary source of food, should 
really be considered as a separate group of plants which are growing up very close to 


each other. 
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This way of growing is that of a normal potato cultivation and the assessment of 
the seedling’s value is much more efficient than from plants that were directly grown 
from a seed. 

b. Seedlings, growing from seed, cannot be planted in the field early because of the 
possible occurrence of night frosts. 

The seedlings, however, which are grown from a tuber, are soon planted and con- 
sequently grow quickly to normal plants with fairly large tubers, which can be lifted 
extra early and selected promptly. 

The chance of losing good plants in roguing is reduced to a minimum, while con- 
versely the oppertunity to discover valuable seedlings is increased. 

_c. As the tubers of seedlings which have been grown from clones are much larger 
than those grown from true seed, much larger second year seedlings develop from 
these larger tubers the following year and consequently they can be judged better. 

d. As we raise our first year seedlings from virus-free glasshouse clones and can 
lift them early because of their early development, the second generation is but very 
slightly handicapped by diseases. 

Against this we lose one year i.e. that of the formation from seed to clone. This can 
be a hindrance in certain crosses, but it is no impediment in the usual breeding work. 

If we consider the loss of a year in certain crosses too great a drawback, we bring 
the seedlings with as much potting compost adhering to the roots as possible into the 
field in the first year, according to. the old method. 

We can also sow very early, in the beginning of January, and harvest in April, break 
the dormancy of the largest tubers by treating them with Rindite and planting them 
in the field in the beginning of May. In this way it should be possible to gain a year. 
This method is being tested for the first time, however, so that no results are available 
so far. 


We already have stated that the largest tuber of a glasshouse clone is generally kept, 
but of course it is also possible to keep all the tubers of a clone — on an average three — 
and to plant them the following year. This means extra work in harvesting the glass- 
house clones — which must be kept separate — and a threefold amount of space and 
work in the field. 

This causes difficulties, especially with a large establishment, and we have stopped 
this procedure after a preliminary trial and work now principally with one tuber of 
each seedling. 

Some 40.000 of our glasshouse clones are yearly distributed to Dutch breeders who 
sometimes replace their own seedling-production from seed by clones. The more diffi- 
cult raising from seed is then carried out by our breeding establishment. 

Many breeders who want to plant more clones than our establishment can supply, 
are growing clones from seed in their own or in hired glasshouses according to the 
above mentioned method. 

It is apparent that the method of glasshouse clones is being appreciated by the 
breeders. 
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Fig. 5. POT-BALL OF A FULLY DEVELOPED SEEDLING 


Fig. 6. TUBERS OF ONE CROSS. EVERY TUBER IS THE LARGEST OF ONE CLONE. THE RULER IS 
50 CM LONG 
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SUMMARY 


The raising of potato seedlings in glasshouses leads to very favourable results. 

Healthy plants develop from virus-free clones the following year and they can be 
promptly selected for several characters at harvest time in July. 

This possibility of a prompt selection in an early stage of breeding is considered 
very important and is highly appreciated by the breeders. 

The pre-raising of potato seedlings to one-tuber clones in the first year is rapidly 
spreading in the Netherlands. 


SAMENVATTING 
De voor-opkweek van aardappelzaailingen in kassen 


De voor-opkweek van aardappelzaailingen in luisvrije kassen geeft zeer goede 
resultaten, doordat een zaailing, groeiend uit een kloontje beter te beoordelen is dan 
die welke het eerste jaar uit een zaadje op het veld opgroeide. De selectie in een 
klonenveld is veel grondiger uit te voeren. 

Door een betere en vroegere selectiemogelijkheid in het eerste veldjaar is het aan- 
houdingspercentage der tweedejaars-zaailingen gemiddeld hoger dan bij de oude 
werkwijze. 

Door de distributie van deze klonen is de S.V.P. bovendien in de gelegenheid de 
kwekers op een gemakkelijke manier te helpen aan goed uitgangsmateriaal voor hun 
kweekwerk. 

Vooral door genoemde voordelen heeft een snelle uitbreiding van het gebruik van 
kasklonen plaats. 
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INTRODUCTION 


Archangelica officinalis is grown for the volatile oil content of its roots. 

To gain an impression of the differences in content between individual roots, deter- 
minations of the volatile oil content were carried out on 50 dried roots. The determi- 
nations were made by the gravimetric method (shaking out distillate with ether, distil- 
ling off the ether, and weighing the residue), because at the time the apparatus for 
volumetric determination was not available. 


NUMBER QF ROOTS 


020 025 0,30 0,35 0,40 045 


Fro. 1. VARIATION IN THE VOLATILE OIL CONTENT OF 50 INDIVIDUAL ROOTS. 


The differences found were very great, although the 50 roots examined had been 
taken from plants of the same phenotype. All plants were raised under practically the 
same growing conditions. Conditions of drying, grinding and storage were the same 


1) J. W. pe BRUYN carried out the chemical part of the work, G. ELZENGA was responsible for the 
plant breeding aspects, and M. Keurs was concerned with the mathematical side of the work. 


147 


J.W. DE BRUYN, G. ELZENGA AND M. KEULS 


for all roots. Though differences between. micro-environments may have influenced 
the oil content, it is very likely that the differences found have a genetical background, 
in which case selection may lead to improvements in the volatile oil content. 

By the methods used so far in determining the volatile oil of Angelica, the whole 
root was lost in the determination, which made it impossible not only to carry out 
individual plant selection, but also to find the genetical basis of the oil content. There- 
fore an assay method was developed by which only a small part of the root is used 
for the determination, the rest remaining fit for further growth and seed production. 


CHEMICAL METHOD 


So far only dried and ground roots have been used for the determination of volatile 
oil. Losses in drying and grinding, however, may be irregular, which is another reason 
why, for selection purposes, the determination should preferably be carried out with 
fresh roots. 

The gravimetric method laid down in the Codex Medicamentorum Nederlandicus, 
and included in a modified form in the “Uitvoercontrôlebesluit Drogerijen”’ (Export 
Control Decree for Drugs) has the disadvantage of being time-consuming. In addition, 
a special difficulty arises if the determination is performed on fresh roots. Here a so- 
lution of volatile oil in ether is obtained, and when this ether is distilled off, the last 
traces have to be removed by the use of dry air. In the case of dried roots it usually 
takes only a short time to blow off the ether, any further blowing off resulting in a 
slight and constant decrease in weight. With fresh roots, however, the oil contains 
very volatile constituents, a great part of which are easily lost in distilling and blowing 
off the ether. As a result it is almost impossible to get strictly reproducible determi- 
nations. 

Therefore in the investigations described hereafter the volumetric method was used. 
For each treatment 50 g of fresh material was cut in small pieces about 1 cm long to 
be distilled with 300 ml of 1 per cent. HCI for 2} hours. In all determinations it is 
necessary to begin with the same quantity, on which the results are dependent. Fifty 
grammes suffices to obtain a quantity of volatile oil that can be read off with sufficient 
accuracy. | 


DISTRIBUTION OF THE OIL IN RHIZOME AND ADVENTITIOUS ROOTS 


In order to gain a general impression of the oil distribution in rhizome and adven- 
titious roots, the rhizome of one root was cut in three slices of equal thickness. From 
each slice a mixed sample of 50 g was used for the determination. The adventitious 
roots were treated in a similar way. The contents found are shown in Fig. 2a. Fig. 2b 
also depicts a rhizome cut in three, but here the content has been determined of the 
adventitious roots present on the parts of the rhizome. It should be noted that with 
this root the uppermost part of the rhizome had no adventitious roots. 

From this data it may be concluded that determinations of the oil content of part 
rhizomes offer little chance of success, as the oil is irregularly distributed. A second 
objection, particularly in smaller rhizomes, is that they do not live after the removal 
of 50 g of tissue. 

The next point to be considered was whether or not it is possible to obtain a suffi- 
ciently reliable estimate of the oil content of the whole root from a determination 
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FIG. 2. OIL DISTRIBUTION IN RHIZOME AND ADVENTITIOUS ROOTS 


carried out on 50 g of adventitious root. It was found that sufficiently accurate results 
were obtainable when the adventitious roots were chosen at random so that a sample 
of 50 g represents both thick and thin adventitious roots: 


Root [0.490 %, duplicate sample 0.455 % 


ENOS ERIN se OEE 
en ADA ej ej ae 0020 
Eer 700 9 „ 0.680 % 


The following differences were found to exist between the thickest and the thinnest 
adventitious roots of one and the same rhizome: 


| Thickest adv. roots Thinnest adv. roots 


in % in % 
Root Ant eierrete 0,50 0.42 
RoOtB. nm 0.44 0.31 
% VOL. OIL, 
IN RHIZOME 


050 


0,40 


0,30 


0,20 


lem Ke) 


%o VOL, OIL IN 
ADVENTITIOUS ROOTS 


olo 020 030 OHO 0,50 O6 0,70 


Fi. 3. CORRELATION BETWEEN THE CONTENTS OF ADVENTITIOUS ROOTS AND RHIZOME 
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The correlation between the contents of adventitious roots and rhizome can be 
seen from Fig. 3, which has been prepared from the data contained in Table 1. This 
table gives data for 20 Angelica roots: 


TABLE |. DETERMINATIONS ON 20 ANGELICA ROOTS 


1 2 3 Rd 5 6 vherd 1 
„elen In erammes Volwelght ol Average % oil {Weight ratio(= B) | content from the 
Rhizome Ag ee roots calculated adv. roots/rhizome da ven 
U) 70 0.210 0.265 | 0.24 | 0.9 0.19 
410 565 0.270 0.580 | 0.45 1.4 | 0.45 
570 1030 0.130 0.435 | 0.33 | 1.8 0.35 
315 |_ 340 0.155 0.520 | 0.34 | 0.39 
390 610 0.400 0.720 0.60 | 1.6 0.57 
190 350 0.280 0.430 0.38 | 1.8 0.34 
210 85 0.185 0.510 0.40 | 1.8 | 0.42 
56 105 0.110 0.305 | 0.24 | 1.9 | 0.25 
500 585 0.280 0.600 | 0.46 | 152 | 0.46 
65 120 0.205 0.280 | 0.25 | 1.8 | 0.23 
125 185 0.235 al “01575 0.44 | 14 | 0.45 
195 275 0.300 0.590 | 0.47 14 0.46 
305 530 0.410 0.695 | 0.59 | 17 | 0.56 
25 350 0.185 0.455 0.35 | 1.6 | 0.36 
80 110 0.100 | 0.340 0.24 1.4 0.26 
225 235 0.190 0.505 0.35 1.0 0.37 
7150 860 0.160 0.375 0.27 | | 0.28 
195 265 0.180 0.740 | 0.50 14 | 0.59 
495 150 0.190 0.280 | 0.24 1:59 | 0.22 
300 430 0.350 0.690 0.55 14 | 0.54 


Column 7 will be discussed hereafter. 


The correlation between the oil content of rhizome and adventitious roots is not so 
close as could be desired. Supposing that the oil content of the rhizome is about pro- 
portional to that of the adventitious roots, as is suggested in graph 3, the ratio 


oil content of rhizome 
oil content of adventitious roots 


must be nearly constant. The average result x is found to equal 0.456, with a standard 
deviation sx — 0.035 (By reading off from the graph x was found to be 0.47, a 
result which does not differ significantly from the one calculated, as a good estimate 
for the above fraction should lie between 0.39 and 0.52). 

Further it was ascertained whether the individual results x correlate with the oil 
content (— A) of the adventitious roots or the weight ratio ( =B) between rhizome 
and adventitious roots. The correlation coefficients calculated from Table 1 are EE 
— 0.29 and r‚g — 0.01 respectively. Both correlations are non-significant so that 
the estimate 0.39 < u <0.52 for the above fraction may also hold good for sets of 
Angelica roots other than those investigated. To what extent factors other than those 
under investigation may influence the value of u, may appear from further experi- 
ments. A favourable circumstance is that the weight of the adventitious roots is gen- 
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erally greater than that of the rhizome so that the correlation between the oil con- 
tent of the adventitious roots and the average content is fairly satisfactory (see Fig. 4). 


AVERAGE 
% VOL. OIL 


060 
0,50 
0,40 
030 


020 


0,10 


% VOL OIL IN 
ADVENTITIOUS ROOTS 


010 020 030 040 O50 060 OTO OBO 
FIG. 4. CORRELATION BETWEEN OIL CONTENT OF ADVENTITIOUS ROOTS AND 
AVERAGE CONTENT 


As has been indicated above, selection is possible by determining the oil content of 
the adventitious roots. In addition, greater accuracy may be obtained by estimating 
the weight ratio adventitious roots/rhizome (weighings are naturally impossible if the 
root is to be kept alive), after which the volatile oil content of the whole root can be 
read off from Table 2, if necessary by interpolation. 


TABLE 2. DATA NECESSARY FOR CALCULATING VOLATILE OIL CONTENT FROM OIL CONTENT OF THE 
ADVENTIIIOUS ROOTS AND THE WEIGHT RATIO ADV. ROOTS/RHIZOME 7 


Weight ratio (B) adv. roots/rhizome 
Oil content = 
of adv. roots (A) 0.7-—1.0 1.0-1.3 1.3-1.6 1.6-1.9 1.9-2.2 
1 2 3 4 5 
0.250 0.18 0.19 0.20 0.20 0.21 
0.300 0.21 | 0.23 0.24 0.24 0.25 
0.350 0.25 0.26 0.27 0.28 0.29 
0.400 0.29 0.30 0.31 0.32 0.33 
0.450 0.32 0.34 0.35 0.36 0.37 
0.500 0.36 0.38 0.39 0.40 0.41 
0.550 é 0.39 0.41 0.43 0.44 0.45 
0.600 0.43 0.45 0.47 0.48 0.50 
0.650 0.47 0.49 0.51 0.52 0.54 
0.700 0.50 0.53 0.55 0.57 0.58 
0.750 0.54 0.57 0.59 0.61 0.62 


Table 2 indicates what average oil content may be expected for an Angelica root 
on the grounds of the trial results in Table 1, at a given oil content (= A) of the adven- 
titious roots and with a weight ratio (— B) between rhizome and adventitious roots. 
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The figures in the above table have been calculated from the quantities A and B by 


the formula 
A(0.47 + B) 


5e 1 
where 0.47 represents the above mentioned estimate for the ratio between oil content 
of rhizome and adventitious roots. 
It will thus be seen that the weight ratio B does not greatly influence the average oil 


content of the root. 
The last column of Table 1 shows the results that are obtained with the aid of Table 


2 from the data in the columns 4 and 6. In general the deviations from the actual oil 


content (column 5) are not large. 
In practice the ratio adventitious roots/rhizome is represented by a score: 


== 0.71 

2=l-=13 
3 =1.3-1.6 
4 == 1.6-1.9 
5 = 1.9-2.2 


As a check some determinations were carried out on four roots (A-D) which had 
been taken from the original experimental material. The weight ratio adventitious 
roots/rhizome was initially expressed by a score, after which the weights were deter- 
mined as well as the oil content of adventitious roots and rhizome. It can be seen that 
the oil content found from Table 2 agrees closely with the real average. 


TABLE 3. TEST DETERMINATIONS ON FOUR ROOTS 


Weight in % oil 
Srammes Average % oil Ratio adv. % found 
Root Score 3 ; calculated s zootshiieane from table 2 
rhi- adv. rhi- adv. 
zome | roots | zome | roots 
JN 3 100 130 | 0.165[ 0.36 0.26 1.3 0.28 
B 5 340 150021 0.61 0.48 22 0.51 
@ b) 315 700 | 0.21 0.33 0.29 A2 0.27 
D 3 15 195 f10:24 OST 0.41 IN 0.40 


Only root D had been represented by a wrong figure for the ratio adventitious 
roots/rhizome. As indicated previously, this does not greatly influence the result. 

In these investigations the moisture content was not taken into account, as experience 
has shown that the relative differences are slight. 


METHOD OF SELECTION 


Selection of Angelica roots may be carried out as follows. 

After the roots have been lifted, they are clamped and covered with a layer of earth 
so that roots cannot dry out or freeze in storage. The work in the laboratory can be 
carried out during the winter months. Roots containing much volatile oil may be 
clamped or potted up again, while those with a low oil content are discarded. 

Angelica is a good self-pollinator. The selected plants may be bagged in the open, 
taking care that the bag allows of some ventilation. It is also possible, however, to 
place the plants in isolation cages, bagging thus becoming superfluous. The tempera- 
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ture in these cages should not be allowed to rise too high, as pollen and/or pistil suffer 
badly from excessive heat. At first this is not noticeable since the fruit set takes place 
in a normal way. The fruits, however, remain smaller than normal, and later they 
appear to contain no or empty seed. 


SUMMARY 


The frequency-polygon of volatile oil content of 50 dried Angelica roots (Fig. I), 
originating from one sowing, was determined by the gravimetric method (shaking out 
distillate with ether; distilling off the ether; and weighing the residue). 

Next the distribution of the volatile oil in rhizome and adventitious roots (Fig. 2), 
was determined by the volumetric method as well as the average oil content of rhizome 
and adventitious roots of 20 fresh Angelica roots (Table 1). With the aid of Table 2 it 
was possible to estimate the average oil content from the content of the adventitious 
roots and the estimated weight ratio between adventitious roots and rhizome. From 
the adventitious roots 50 grammes was taken for the determination. The root can 
easily survive this operation. The roots with the highest oil content were clamped 
again to be planted in the spring. 

By this method individual plant selection as well as investigation of the genetical 
basis of the volatile oil content is possible. 


SAMENVATTING 
Selectie van levende Angelica-wortels op vluchtige olie 


De spreiding van het gehalte aan vluchtige olie van 50 gedroogde Angelica-wortels 
(fig. 1), afkomstig van één zaaisel, werd bepaald volgens de gravimetrische methode 
(destillaat uitschudden met aether; aether afdestilleren; residu wegen). 

Vervolgens werd de verdeling van de vluchtige olie in rhizoom en bijwortels (fig. 2) 
bepaald volgens de volumetrische methode, evenals het gemiddelde gehalte van rhi- 
zoom en bijwortels van twintig verse Angelica wortels (tabel 1). 

Met behulp van tabel 2 was het mogelijk uit het gehalte van de bijwortels en de ge- 
schatte gewichtsverhouding bijwortels/rhizoom een schatting te verkrijgen voor het 
gemiddelde vluchtige oliegehalte. Van de bijwortels werd 50 g gebruikt voor de be- 
paling, hetgeen de wortels gemakkelijk overleven. De wortels met het hoogste gehalte 
werden weer opgekuild en in het voorjaar uitgeplant. 

Volgens deze methode is individuele selectie evenals onderzoek van de genetische 
basis van het vluchtige oliegehalte mogelijk. 
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THE CREATION OF TETRAPLOID BEETS 


HI. CYTOLOGICAL CHECKING IN THE SECOND GENERATION (THE C)) 
OF THE TREATED MATERIAL 


D. KLOEN AND G. J. SPECKMANN 
Foundation for Agricultural Plant Breeding, Wageningen 
Received 18 May 1954 


1. INTRODUCTION 


The results obtained with cytological investigation of the Ist generation after col- 
chicine treatment (the C‚) of sugar- and fodder beets have been discussed in a prece- 
ding article (Euphytica 3, 1954: 35-42). 

It was pointed out that the seed was saved from isolated tetraploids in one year and 
that provisional yield trials were being made. 

In this article we will discuss the further history of the material. 


2. USE OF C, BEETS 


In 1952 and 1953, seed was harvested from C, beets which was sown out in trial 
fields to get an impression of the yielding capacity of the mother beets. In so far as 
possible C‚ seed was sown out on the trial field for every C, beet from which seed was 
obtained. If not enough material was available, some new tetraploid C, beets were 
again selected. The results attained with the Kuhn P and Kleinwanzleben E varieties 
on the trial field in 1953 were encouraging. 

The best beets were selected from the best families and planted out for seed produc- 
tion. Thus the breeding of tetraploid beets has been started. 

Remaining C, beets were used for different purposes. For instance, crosses were 
made on a small scale between tetraploid sugar- and fodder beets and between tetra- 
ploid sugar beets and diploid fodder beets. By using coloured fodder beet varieties the 
degree of cross pollination can be determined. These trials are carried out in the same 
way as with the breeding of diploids (KLOeN, 2). 


3. OCCURRENCE OF IMPURITY IN THE TETRAPLOIDS 


In breeding tetraploid sugar and fodder beet varieties one has to work with pure 
material because of the greater viability and distribution of the monoploid pollen 
with respect to the diploid pollen (MATSUMURA and MocHizukt, 6). It follows that 
the influence of foreign monoploid pollen is more detrimental in maintaining the tetra- 
ploids than in maintaining diploids (7). 

On examing cytologically the leaves of tetraploid beets in their first and second year 
one repeatedly comes across aneuploids. They are for the greäter part hypo-tetraploids. 
This symptom has also been reported by RASMUSSON (7) who says that the low vitality 
of the first tetraploid generations may be caused by disturbed chromosomal and genic 
balance. In later generations it is possible that the unbalanced types of gametes, em- 
bryos and seedling plants will be eliminated by a natural selection process. His investi- 
gations demonstrate that the vitality rises in later generations. 

These aneuploids are probably not so detrimental because they are eliminated by 
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natural selection. In this paper we will only speak of the occurrence of triploids and 
the possible appearance of diploids in the C‚ generation. 


As probable causes can be mentioned : 


l. Influence of foreign monoploid pollen. 

In beet breeding block isolation is often used. The presence of buildings, orchards, 
woodlands, etc., may exert a beneficial influence on the purity of the families though 
this is never certain because the pollen can move over a large distance. 

The isolated plots are sometimes surrounded by one or more rows of hemp which 
form a good but not an efficacious protection. A good isolation can only be esta- 
blished when adequate glass cages are used and fertilization is promoted by utilizing 
insects. There is an increasing number of beet breeders having such cages built. 

Seed from the tetraploid C, beets was saved by isolating the varieties in blocks at 
the Prof. Broekema farm of the S.V.P. (Foundation for Agricultural Plant Breeding) 
in the North East Polder. Though seed growing of beets is not allowed in the N.E. 
Polder, because of beet yellows, early bolters may exert a detrimental influence on 
the fertilization of tetraploids. This was the case in 1953, when most seed was sown 
out in the first part of March. Owing to the subsequent cold period many beets were 
entirely vernalized, resulting in the occurrence of 10-20 % bolters. 

2. With the method hitherto used many C, beet plantlets were to be examined cyto- 
logically in the greenhouse in autumn. In order to avoid human errors, the tetraploid 
beets that had been planted in the field were examined cytologically for the second 
time before flowering and possible aberrants were rejected. During the last mentioned 
investigation much attention was paid to the occurrence of diploids, because they 
have a much more detrimental influence than the triploids which as a rule produce 
little pollen because of irregular meiosis. 

3. In 1949, VON ROSEN (8) reported that “break-down” is very common in fresh 
polyploid material. Several times he made the observation that a tetraploid shoot 
crossed in a parchment bag with another shoot produced a completely diploid pro- 
geny. It has likewise been observed that mixed 2n-3n-4n offspring have arisen. It 
seems that there are unequal tendencies to this “break-down” in different populations. 


In the spring of 1954 VON ROSEN informed us that “break-down” occurs less fre- 
quently than was supposed at first. FELTZ (1) supposes that the 4n genome will even- 
tually become stable. Therefore it is probable that an ever decreasing number of aber- 
rant plants will occur in the mother beets which have been repeatedly selected. 
FeLtz (1) is doubtful about the occurrence of “break-down”’. 

It follows from the above that the selected mother beets in successive generations 
must be investigated cytologically in order to ascertain whether they are tetraploid. 
A good impression of the harvested C, seed can be obtained by cytologically investi- 
gating the progeny of a few beets of each isolated plot . 


4. MATERIAL AND METHODS 

As was already mentioned in Euphytica 21953): 187-196, in 1950 and 1951 tetra- 
ploids have been obtained from the sugar beet varieties Kuhn P and Kleinwanzleben E, 
the fodder-sugar beet varieties Friso and Fodder-sugar Beet C.B. and the fodder beet 
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FIG. 1. SURVEY OF C2 TRIAL FIELD 1953. FODDER-SUGAR BEET FRISO. A: DIPLOID; B: TETRAPLOID- 
THE SOIL COVERING GROWTH OF THE TETRAPLOID PLANTS IS CONSPICUOUS. 


varieties Alpha and Barres Stryno 10. In 1952, the red fodder beet variety Peragis was 
added. This variety will be especially used for crossing purposes. 


4.1. Material 

In 1952 and 1953, isolated plots of C, beets with the first mentioned varieties were 
laid out and the seed was harvested per plant. 

In the winters 1952/53 and 1953/54, seed of 2 beets per variety was sown out in 
rows in flats, each row representing one C‚ mother beet. The flats were placed in the 
greenhouse of the S.V.P. at a temperature of 15-20 ° and a day-length of 16 hours. 
After emergence the rows were somewhat thinned and subsequently a number of 
plants per row (— per C, mother beet) examined cytologically in the four-leaf-stage. 
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Fi. 2. A TETRAPLOID C, BEET IN EARLY BOLTING STAGE WITH EXTREME POLYPLOID CHARACTERS 
(FLAT GROWTH HABIT, BLISTERED LEAVES) 


4.2. Cytological investigation 

The cytological investigation was carried out in the same way as has been mentioned 
in the preceding article (Euphytica 3, 1954: 35-42) with C,. 

Material: leaf bases of young plants. 

Pre-treatment: 0.002 mol/1 8-hydroxyquinoline solution during 3 hours. 

Fixation: 12 hours in a mixture of 4 parts of alcohol 96 % and 1 part of acetic acid 


8%. 
Maceration: N HCI during 3 minutes at 60 ° C. 


5. RESULTS OBTAINED 


For the cytological checking, 2 seed beets per variety were chosen whose mutual 
distance on the isolated plot was as wide as possible in order to get a representative 
impression of the whole plot. In order to avoid examining only the offspring of C, 
beets that flowered before the neighbouring seed beets or bolters, an early- and a 
late-flowering C, beet were chosen for cytological checking of the C‚ plantlets. 

The results of the cytological examination of the C‚ plants carried out in the winter 
of 1952/53, are given in Table 1. 


TABLE 1. PERCENTAGE OF NON-TETRAPLOIDS OF THE C2 PLANTS (1952/53) 
BS AR EE 


pe ‚ Number Number Number % 
hg invested | tetraploids | (erraploids | tetraploids 

Ee SEE A TPE SEE len EE SAS 
Vrlehens der OEE 100 Lo0mms — — 
KSO ERE ORR oen El are 101 101 = = 
BSO kt on 49 46 3 6.1 
VES CB Macs nes Beke eene 53 38 15 28.0 
AUB eo ode re alat opb 78 60 18 23.0 
Barres Stryng 10 ...... 61 39 22 36.0 
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On the basis of the above results only seed of tetraploid Kuhn P and KWE beets 
was sown out on the trial field in 1953. In Friso aberrant plants were found, but for 
various reasons we did not lay out a trial field of this variety in 1953. It was resolved 
to select tetraploid C, or C, beets once more from the remaining varieties in order to 
be able to sow pure tetraploid material of all C, beets on the trial field and to keep 
this as a breeding base. 

Impurity in the tetraploid material may be due to errors made in the marking and 
selection of tetraploid C‚ plants. This was possible because the beets were standing 
rather close to each other in the rows. In order to avoid such errors the C, beets were 
subsequently thinned out in such a way that the distance between them was a few cm. 

In the winter of 1953/54, the cytological checking was carried out in the C, of the 
fodder-sugar beet varieties which produced seed in the North East Polder in 1953 
(Table 2). 


TABLE 2. PERCENTAGE OF NON-TETRAPLOIDS OF THE C2 PLANTS (1953/54) 


Number of Number % 
: 6 3 Number 
VE Ae sn tetraploids ale tetraniens 
Friso 
2218 25 23 | 2 
2300 25 2 4 
Total 50 44 6 12.0 
V.S.B. C.B. 
3480 25 23 2 
3462 25 24 1 
3474 25 23 2 
Total 75 70 | 5 6.7 
Alpha 
4483 25 24 l 
4343 25 20 5 
Total 50 44 6 12.0 
Barres Stryng 10 . . 
IS ZE 25 — 
5371 25 25 — 
Total 50 50 0 0.0 


The column represented by non-tetraploids states the number of plants with less 
than 36 chromosomes (aneuploids and triploids). Of the variety V.S.B. C.B. (Fodder 
Sugar Beet C.B.) 75 plants descending from 3 C,‚ motherbeets were investigated, be- 
cause in this variety one beet was found which was triploid at the cytological exami- 
nation in the summer of 1953 and which was not removed. 

At the Institute of Agricultural Plant Breeding the progeny of 6 isolated plots were 
investigated (Table 3). As the plots were relatively small, only seed of one C, beet was 
sown out per plot. 

In the C, of the variety Alpha 4108 a large number of non-tetraploids was found, 
12 plants being diploid. This Alpha was probably a non-discarded diploid, since in a 
neighbouring plant 30 % triploids occurred in the offspring. It follows from the above 
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TABLE 3. PERCENTAGE OF NON-TETRAPLOIDS OF THE C» PLANTS (195354) 


; | ‚ Number Number % 
Vaes | munter | Meet | em | la | ela 
KME... | 1285 | 25 | 20 Ss 20 
BRSOA as | 2215 | 25 20 5 20 
RES BCH oe 3151 | 25 23 2 8 
Alpha | 4188 48 | 14 | 34 71 
Barres | | | 
Stryns 10 | 5047 25 | 25 | - — 


| 


that is is of great importance to keep the tetraploid material pure by repeated cytolo- 
gical examination. 

Furthermore it is apparent that the number of triploids in the C‚ which had been 
investigated in the winter of 1953/54, was small. The influence of monoploid pollen 
from the earliest bolters could be ascertained accurately during the last year because 
1953 was a bolter year. By taking notes periodically on the flowering time of the 
tetraploids and the bolters it could be established that foreign monoploid pollen did 
little harm, since most tetraploids had already ceased flowering when the first bolters 
came into bloom. The cytological examination confirmed the field observation. 

When the results of the past years are compared, it appears that a considerable im- 
provement has been effected. This is partly because during selection of the C, tetra- 
ploids in the greenhouse during the winter of 1952/53, human errors were eliminated 
as much as possible by technical precautions. Moreover, the tetraploid C,‚ beets are 
once more examined cytologically before flowering with a result that only plants 
which did not show aberrations were allowed to bear seed. 

The cytologial investigation with the selected tetraploid mother beets is being 
continued. 


SUMMARY 


The purity of the tetraploid material may decrease through various causes. 

In the first place foreign monoploid pollen exerts a detrimental influence because 
it has a greater germination energy and a greater mobility than diploid pollen. 

A good impression of the purity can be obtained by cytologically investigating the 
C, of a few beets from an isolated plot. For this purpose seed is sown out in the green- 
house in winter and at least 25 plants of the C‚ of some beets per plot are investigated. 
By taking care that material of early flowering and late flowering beets is disposed of, 
a sufficiently reliable impression of the purity of the tetraploid progeny can be 
obtained. 

The result of the cytological checking which was carried out in the winter of 1952/53, 
was disappointing. 

That a single aberrant beet can exercise a detrimental influence was proved in the 
variety Alpha when an aberrant plant was not rejected. The number of non-tetra- 
ploids of this beet was much greater, while in a neighbouring plant 30 % triploids 
were present on investigation. 

It is important that cytological investigation of further generations of the tetraploid 
material be continued because otherwise the material will soon become very 1mpure. 
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Finally it should be mentioned that the influence of early bolters was insignificant 
because of a different flowering time and that the occurrence of “break down” could 


not be established. 


SAMENVATTING 


Het verkrijgen van tetraploide bieten. HI. Cytologische contrôle in de 2e generatie (C») 
van het behandelde materiaal 


Door allerlei oorzaken kan de zuiverheid van het tetraploide C‚ materiaal achter- 
uitgaan. 

Vreemd monoploid stuifmeel zal een nadelige invloed uitoefenen omdat dit een 
grotere kiemenergie en een grotere bewegelijkheid bezit dan diploid stuifmeel. 

Een goede indruk kan worden verkregen van de zuiverheid door de C, van enkele 
bieten cytologisch te onderzoeken. Te dien einde wordt in de winter zaad in de kas 
uitgezaaid en van iedere nakomelingschap worden minstens 25 bieten onderzocht. 
Door er verder voor te zorgen dat materiaal van een vroegbloeiende en een laat- 
bloeiende biet aanwezig is, zal een voldoend betrouwbare indruk worden verkregen 
van de zuiverheid der tetraploide nakomelingschappen. 

Het resultaat van de cytologische contrôle, die in de winter van 1952/1953 werd uit- 
gevoerd, viel tegen. Dit is waarschijnlijk een gevolg van het feit dat er bij het oppotten 
van de tetraploide C, bieten enkele fouten zijn gemaakt, waardoor later diploiden op 
het veld werden uitgeplant. Het volgend jaar werden daarom de rijtjes C‚ bieten in de 
kas zodanig gedund, dat de bietenafstand enkele cm bedroeg. Bovendien werden uit 
voorzorg de afgezonderde C, bieten vóór de bloei nogmaals onderzocht en planten, 
waarin een afwijkend aantal chromosomen werd aangetroffen, werden tijdig verwijderd. 

Bovengenoemde voorzorgsmaatregelen hebben een gunstige invloed uitgeoefend, 
want bij cytologisch onderzoek in de winter 1953/1954 bleek dat het aantal niet- 
tetraploiden veel geringer was. Dat een enkele afwijkende biet een nadelige invloed 
kan uitoefenen bleek in het ras Alpha, waarin een afwijker niet werd verwijderd. Het 
aantal niet-tetraploiden van deze biet was veel hoger, terwijl in een onderzochte 
buurplant 30 % triploiden voorkwam. 

Het is van belang dat het cytologische onderzoek in de volgende generaties van het 
materiaal wordt voortgezet aangezien anders het materiaal onzuiver zal worden. 
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Every year there are many interested persons and groups who visit the Institute of 
Agricultural Plant Breeding from all over the country and from abroad. 

By simple exhibits an attempt has been made to give them an idea of some aspects 
of the plant-breeding work that is being done in the Netherlands. 

A large mural map indicates the location of 59 breeding establishments (private 
breeders) scattered all over the Netherlands. The varieties bred by the various esta- 
blishments and placed on the official List of Varieties are indicated by coloured dots. 

The slogan “What the inventor is to industry the breeder is to agriculture” aptly 
expresses the importance of plant improvement (Fig. 1). 


EE QUE VINVENTEUR EST POUR L 


8 | 
VOBTENTEUB VEST POUR VAGRICULTURE 


THE PLANT BREEDER IS TO AGRICUL 


sait sn 


FIG. 1. WHAT THE INVENTOR IS TO INDUSTRY THE PLANT BREEDER IS TO AGRICULTURE 


As counterpart to the survey of Dutch breeding establishments is a large mural 
plate indicating which percentage of the total area devoted to each crop is occupied 
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by varieties bred in the Netherlands. The data presented show that in many instances 
the farmers choose homebred varieties, but that on the other hand with regard to 
several crops foreign-bred varieties are preferred. 

The results obtained by Dutch breeders are demonstrated by a diagram presenting 
statistical data relative to flax during the period 1933-1953. Some varieties competing 
at present with the variety Concurrent, which has been widely grown for the last 20 
years, have been obtained by Dutch breeders by means of selection from hybrid popu- 
lations made available by the Institute of Agricultural Plant Breeding. 

In the course of time the Institute has put numerous hybrid populations at the dis- 
posal of the breeders. This is now also done on an even larger scale by the newly 
created Foundation for Agricultural Plant Breeding, the aim of which is to perform 
research on behalf of the breeders, to advice them and to supply them with parental 
material for crosses and with hybrid populations. Large quantities of hybrid potato 
seed and tubers from young clones have also been distributed to the breeders. 

With the heading “The farmer readily accepts new varieties” a survey is given of the 
varieties which were widely grown of late years. 

It is not surprising that attention is drawn to the centres of genetic diversity of the 
cultivated plants, which are an important source of parental material. This is demon- 
strated by a diagram relating to lupin. Ir H. LAMBERTS found mildew-resistant indivi- 
duals in plants from Spain, Fusarium-resistant plants have been obtained from Portu- 
gal, and types characterized by a rapid early growth have come from Palestine. Nu- 
merous crosses have been made with this material. 

The wild plants from the centers of diversity, the local races and the bred varieties 
must be examined for disease resistance or other desirable features. Various diagrams 
show the inoculation experiments performed to this end (cereal rust by Ir G. DANTUMA, 
rust and scorch in flax by Ir H. T. WrersEMA, clover eelworm by Ir J. DIJKSTRA, blight 
in potatoes by Dr H. J. Toxopeus), as well as freezing trials for cold resistance testing 
(cereals by Ir G. DANTUMA, grasses by Dr F. Wir). 

In a purposeful way a search is made for plant material that presents promising 
features for use in breeding programmes. 

A schematic illustration is provided demonstrating the crossing of plants having 
only one or a few valuable characters with commercially grown plants and the narrow- 
ing of the hybrid populations by means of artificial infection, cold testing (for autumn 
sown crops) and so on. These narrowed populations supply the material for the bree- 
ding work of the Foundation for Agricultural Plant Breeding, and seed samples are 
also put at the disposal of Dutch breeders. 

In addition to the search for suitable parents the induction of mutations occupies 
an important place in the programme of the Institute and the Foundation. Interesting 
results have been obtained by colchicine treatment, the technique of which has been 
improved. 

Dr G. BREMER and Mrs D. E. BREMER-REINDERS have developed a new kind of rye 
by means of colchicine treatment. The colchicine experiments are conducted by Mrs 
BREMER, the research on the chromosomes pertains to the field of Dr G. BREMER. 

The photos indicate that the treatment produces abnormal seedlings. Cell division 
is arrested so that the split chromosomes remain united in one nucleus and cells are 
formed with a double number of chromosomes (28 instead of 14 in the case of rye). 
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The seedlings will consist of a mosaic of normal (diploid) cells and cells with a double 
number of chromosomes (tetraploid). The offspring of such mixoploid plants are 
examined individually and the tetraploid plants are kept for further breeding. These 
plants will produce tetraploid progeny if they fertilize each other. 

The colchicine treatment is also applied to other crops. 

The creation of polyploid beets is shown by Ir D. KLOEN and G. J. SPECKMANN. 
The working method is explained with reference to a large scale experiment started in 
1950. How to arrive at commercial varieties by using the material thus obtained is 
also sketched. 


Ir H. LAMBERTS studies the improvement of lupin. The bitter lupin (for green ma- 
nure), the sweet lupin (fodder erop) and the lupin with traces of alkaloid and fit for 
human consumption are indicated. As about 20 % cross fertilization occurs in lupin 
the flowers have to be protected. The young inflorescences are covered by glassine 
bags. The photo shows an experiment field were 15000 coverings have been performed. 

The plants are tested in the field on their alkaloid content. From each plant a leaf 
is taken in such a way that a part of the epidermis of the stem adheres to the petiole. 
The lower part of petiole is stuck in a solution of iodine potassium iodide. During 
winter the individual plants are tested by taking 5 seeds of each plant, boiling them 
and adding a few drops of iodine potassium iodide. The colour gives an idea of the 
alkaloid content of the seeds. 

Much attention is paid to types that give a good yield of green matter when sown 
about 15 Aug. 

Other plants that Ir LAMBERTS is investigating are serradella, vetches and. turnips. 
A coloured plate illustrates bud pollination in turnips. 

Ir LAMBERTS has presented his working programme as follows: 


„ Collecting material from abroad and from Dutch local varieties. 

„ Development of new methods. 

. Investigation on heredity. 

. Distribution of breeding and parental material to Dutch breeders. 

. Information and advice. 

. Research relating green matter production, seed production and reliability. 
The same scheme applies to several other research workers. 


DNB WN == 


Dr F. P. FERWERDA demonstrates inbred lines of rye. Artificial self fertilization 
starting from normal rye plants after a few generations gives a progeny entirely con- 
sisting of dwarfs. Intercrossing between various inbred lines, however, restores the vi- 
tality and even produces cases of hybrid vigour or heterosis, which has acquired such 
importance in maize breeding. 

Inbred lines and hybrids of maize show the marked effect of heterosis. In producing 
hybrid seed 4 inbred lines are used. In sowing e.g. alternatively 3 rows of line A and 
one row of line B and by early removal of the (male) tassel of A the latter plants will 
be fertilized by pollen of B (which also fertilizes itself). Thus hybrid seed is obtained 
on A plants, but owing to the reduced vigour of these plants they have only small ears 
and produce few kernels. The seed would be too expensive for commercial production. 
However, by making simultaneously hybrid seed C x D and by crossing next year 
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AB x C D it is possible to get hybrid seed on vigourous plants. This seed is commer- 
cialized as double-cross seed. The breeder has to build inbred lines, determine the 
successful combinations by means of test crosses and maintain the good inbred lines. 

A diagram indicates how inbred lines are tested for combining ability in a top-cross 
field. The inbred lines are detasseled and fertilized by one pollen parent. 

Increasingly attention is given to new methods which have been studied by Dr 
FERWERDA during a journey to the U.S.A. in 1953. 

Ir F. J. DiukHuis demonstrates the selection for cold resistance in maize. The aim 
is to find parental material capable of sound growth in cold springs. 


Dr F. Wrr gives an outline of the improvement of English rye-grass. Starting from 
single plants clones are developed. The clones are tested in the field and freezing- 
chamber for cold resistance. The winter-hardy clones that also make a good impres- 
sion in other respects are planted in bulk on trial-cross plots. The progeny is again 
tested for cold resistance and other characters. The best clones are then selected and 
increased. Photos illustrate the procedure. 


Dr H. J. Toxopeus illustrates the disease and pest-resistance research in potatoes. 
Seedlings of the common potato (Solanum tuberosum) are stripped by the larvea of the 
Colorado beetle, while this is not the case with seedlings of certain Solanum demissum 
lines. It is worth trying to seek control of the Colorado beetle from the angle of the 
plant breeder. 

In the field of blight resistance hybrid material shows promise. The back-cross 
scheme is as follows: 


We SGT 
WT De il 
species hybrid tl 


Ist back cross 


MERENS 


2nd back cross pe Pe 


etc. 


Very probably interspecific crosses can be used not only to obtain disease-resistant 
commercial varieties, but they may also serve to increase yielding ability. 

Ir C. A. HUIJSMAN draws the attention to breeding for resistance to the potato 
eelworm, Heterodera rostochiensis. The results are encouraging. It was determined 
that the first generation of crosses between seedlings of Solanum andigenum, that are 
resistant to Heterodera rostochiensis and Sol. tuberosum varieties, consist of resistant 
plants either for + 50 or + 80 %. 
re number of these hybrids has been back-crossed with Sol. tuberosum varieties in 

An effort is made to combine Heterodera and Phytophthora resistance. 
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Fro. 2. A GROUP OF AUSTRALIAN FARMERS ON MAY 26TH 1954, WELCOMED AT THE ENTRANCE OF THE 
SHOWROOM. CENTRE FOREGROUND (ARMS CROSSED) PROF. DR J. C. DORST, RIGHT DR H. DE HAAN. 


Ir H. T. WIERSEMA tries to stimulate the production of berries in those potato var- 
ieties which normally do not produce true seed. The principle is to provoke the accu- 
mulation of reserve material in the aerial part by preventing tuber formation. A 
drawing of a flowering potato stalk on a tomato stock illustrates one method. There 
is also a photo showing potatoes planting on bricks. These procedures allow valuable 
varieties that usually fail to produce berries to be crossed with those that have other 
interesting characters. 


Another plate demonstrates studies on bud variations in the potato. Mutants gave 
indications of consisting of genetically different layers. To study this hypothesis the 
tubers were cut longitudinally. One half was planted untreated, while the other half 
had all its eyes removed. The untreated part again produced the mutant type, whereas 
the part without eyes developed adventitious buds from the inner layers of the tuber. 
This gave rise to plants corresponding to the original type from which the bud sport 
arose. To all probability the mutated individuals were periclinal chimeras, the outside 
layer differing genetically from the inner tissues, which have kept the original con- 
stitution. One can compare this with the hand and glove combination, both elements 


differing in nature. 


The Potato Breeding Station of the Foundation for Agricultural Plant Breeding at 
Marknesse (under the direction of Ir G. A. THIJN) has assumed great importance. The 
Dutch potato breeders (slightly less than 200 in number) derive much benifit from the 
hybrid seedling material that is grown there. By developing new methods it is now 
possible to supply the breeders in summer with clones that were raised the year before 
from seed in aphid-free greenhouses. 
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FIG. 3. THE BIRTH OF EUPHYTICA IN 1952 WAS SYMBOLICALLY 
INDICATED BY A STORK CARYING THE “CHILD” 


The working programme of the potato breeding farm of the Foundation for Agri- 
cultural Plant Breeding at Marknesse has been presented as follows: 


Ll. Building up a collection of parental material. 

2. Crossing programme. 

3. Breeding work. 

4. Advice and distribution of seed produced by crossing and virus free greenhouse 
clones. 


It is worth mentioning that the scientific periodical Euphytica arouses interest 
abroad. The significance of this journal is symbolically depicted by a well with the 


caption “What the gene centres are for the cultivated plants, Euphytica is for the 
breeder”. 


Finally attention is called to the collection of flax and lint samples contributed by 
the Netherlands Flax Institute at Wageningen. A sample of retted flax, the lower part 
of which has been scutched, shows how rich in fibre the flax plant is. 
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MASTENBROEK, C., Veredeling van landbouwstambonen op resistentie tegen de 
vetvlekkenziekte (Breeding haricot beans for resistance to halo blight). Notulen 
Studiekring voor Plantenveredeling (Transactions Netherlands Study Centre of 
Plant Breeding), Wageningen, 1953: 496-503. 


Halo blight of haricot beans, caused by the bacterium Pseudomonas medicaginis var. 
phaseolicola, is a disease known in many countries. In countries with a dry climate 
these and other bacterial diseases are of little importance. Rain and wind greatly favour 
the spread of the bacterium, and if the attack starts early in the growing season much 
damage can be done. In the United States, therefore, seed production is practised in 
the States that have a dry climate. In selecting healthy pods and by spraying the plants 
grown from them with copper containing substances, sound seed can be produced 
capable of giving healthy crops. But the most attractive way of controlling the disease 
is growing resistant varieties. 

In testing varietal susceptibility artificially the author injects bacterial suspensions in 
the hypocotyl of emerging seedlings. In this manner great differences were detected 
which ran parallel to the differences found in the field under natural conditions of 
infection. This method presents the advantage that the duration of the experiment 
(between sowing and testing) is short. 

The populations in which selections will be made are surrounded in the field by 
rows of the very susceptible variety Ceka. Immediately after emergence plants at one 
meter distance in these border rows are injected with a suspension. Rain and wind take 
care of the rest. Plants that are not attacked and that are of a desirable type are chosen. 
Resistance is checked by taking 5 seeds of each plant kept and by subjecting the seed- 
lings to contamination by means of injection in a greenhouse. 

In 1942 the author found that among other varieties Walcheria and Blanka (both of 
the type Walcherse witte), Red Mexican U 1 3 and 34, Michelite, Robust and the Great 
Northern varieties were resistant. Many crosses were made but the crosses between 
Red Mexican 34 and Ceka, Beka and Strooboon gave the best results. Very productive 
strains resulted from the backcross (Ceka x Red Mexican 34) x Ceka. 

Up to now little is known about the inheritance of resistance except that it is reces- 
sive in some varieties. The segregation ratios in the progenies of various F, plants of 
one and the same cross differ greatly and owing to pressure of other duties the author 
has not had the opportunity of going deeper into the subject. Yet a study of the inheri- 
tance of resistance is of great importance. More knowledge in this field will stimulate 
breeding of haricot beans and result in the creation of better varieties, much needed to 
aid a culture that is languishing at present. 


HUIJSMAN, C. A, De vererving van de resistentie tegen het aardappelcysten- 
aaltje, voorkomende in S. andigenum C.P.C. 1673 (The inheritance of resistance 
to the potato eelworm, occurring in S. andigenum C.P.C. 1673). Notulen Studie- 
kring voor Plantenveredeling (Transactions Netherlands Study Centre of Plant 
Breeding), Wageningen, 1953: 528-532. 
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The Foundation for Agricultural Plant Breeding (S.V.P.) placed the search for 
potato eelworm resistance in its working programme in 1951. 

The research begins with seedlings planted in a healthy soil. After they have suffi- 

ciently rooted, the seedlings are transplanted into pots filled with a heavily infested 
soil. After 6-8 weeks when the cysts of Heterodera rostochiensis have come into the 
“orange” stage, the plants are removed from the pots and the roots are examined for 
cysts. 
with the aid of this testing method, resistance was found in 3 Sol. andigenum 
numbers viz. C.P.C. 1673, 1685 and 1692. As only little material was available, the 
seedlings were propagated by cuttings and these cuttings were raised to plants. The 
resulting clones could thus be used for many crossings in the same year. 

It was established that the resistance found by Dr ELLENBY was also present in our 
seedlings. Resistant as well as susceptible seedlings occurred in the sowings. The 
resistant seedlings were completely free from cysts or had formed only small poorly 
developed cysts. The susceptible seedlings were as severely attacked as the check plants 
(Eigenheimer). There were no intermediate stages of damage. 

Many crosses were made in order to investigate the inheritance of the resistance. 
The segregation ratios can be explained by a dominant gene (called H) in a tetraploid 
inheritance scheme. A susceptible plant has only one formula viz. hhhh (nulliplex). 
As susceptible plants occurred in all the sowings, it could be concluded that none of 
the parents was triplex (HHHh) or quadruplex (HHHH), as they also give exclusively 
resistant seedlings with nulliplex (hhhh). Some parents appeared to be duplex (HHhh), 
others were simplex (Hhhh). The investigation as to the inheritance is being continued. 

The nature of inheritance of resistance is very favourable, because in crossing re- 
sistant and susceptible seedlings, the number of resistant seedlings is about 50 % 
when the resistant parent is simplex and about 80 % when the resistant parent is 
duplex. 

Combining resistance and favourable tuber properties is a very difficult problem. 
It may only be solved satisfactorily with the aid of the practical potato breeders. 


LACKAMP, J. W., Veredeling op voederwaarde (Breeding for feeding value). 
Notulen Studiekring voor Plantenveredeling (Transactions Netherlands Study 
Centre of Plant Breeding). Wageningen, 1953: 533-541. 


The science of cattle feeding and the basic information relating to it, use the con- 
ception “balanced cattle feeding”. Slight deficiences of minerals, vitamins, aromatic 
substances and antibiotics or an unbalanced ratio of the components are of much 
more importance than the original fundamental quantities starch value and protein. 

Increase of the protein content (because there is a shortage of protein in the Nether- 
lands) is not always desired. Moreover, an increase of the protein content need not 
mean that the quality of the protein remains the same. We have to get rid of the idea 
of always wanting to increase the factor protein. A. spring grass with less protein 
might be better than one containing more protein, certainly in the case of meadow 
use, 

The speaker draws attention to dietical drawbacks of certain products, for instance 
K/Na ratio in spring grass, a detrimental amino-acid composition of autumn grass, 
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hydrocyanic acid in clover, ascorbic acid in potatoes and swedes, solanine in potatoes, 
toxic substances in rye and wheat, etc. 

It is desired to develop reliable and rapid methods for examination of small quan- 
tities, while one should also become informed as to variation within the crops. 

A breeding objective of importance for the Netherlands is the elimination of the 
factor in rye which causes a smutty crusty skin with pigs: In the case of turnips, 
variations in ascorbic acid (Vit. C) and protein content have been established, and 
the influence of feeding with turnips on the taste of milk also deserves great attention. 
In fodder carrots selection on carotine content is important and in white clover the 
absence of hydrocyanic acid. Perennial rye-grass actually has an unbalanced protein 
rhythm. 

The speaker has the opinion that within species and even within varieties a sufficient 
variation exists with respect to feeding value to permit improvements with breeding. 
However, the breeder needs various micro-chemical methods which must be deve- 
loped on his behalf by the research workers. He can pay attention to feeding value 
only after he has the adequate equipment at his disposal. 


VEENBAAS, A. Kwaliteitsonderzoek (Investigation of quality). Notulen Studie- 
kring voor Plantenveredeling (Transactions Netherlands Study Centre of Plant 
Breeding), Wageningen, 1953: 542-552. 


The investigation which is being done by the department of human nutrition of 
the Central Institute of Agricultural Research (C.I.L.O.) and also the activities relating 
to this investigation, concern the consumptive quality of some arable crops such as 
potatoes, pulses (including the green peas or canning peas which are cultivated as an 
arable crop), sugar maize (sweet corn) and chicory. With regard to research on the 
nutritional value there is a close cooperation with some other institutes. The chemical 
laboratory of the C.I.L.O. has a great share in this research. 

The problem of consumptive quality is intricate. It is not only a question of taste, 
consistency and softness of skin, but also of the nutritional value and digestability, 
whether or not the product agrees or ultimately becomes less appetising. The manage- 
ment of preparation is also significant. In the case of potatoes, a nice shape, shallow 
eyes and little waste are appreciated qualities; in green peas an even colour and the 
remaining of the cotyledons inner the seed coat are important. ket 

Especially in the Netherlands with its large export of agricultural products it is 
very important to be well informed with respect to the food customs and methods of 
preparation abroad. hie 

Information about the food customs and methods of preparation in our own coun- 
try and abroad can be gained in different ways, among other things by entering upon 
an inquiry. Ten years ago an inquiry was undertaken into the use and preparation of 
dry pulses in the Netherlands. An ample variation is desired, in groups and varieties. 
For instance, a variety that remains whole and one which is entirely desintegrated in 
the process of cooking in the case of brown beans, will help stimulating the eating 
of pulses. In green peas it is probably better to maintain both the round seeded and 
the wrinkled seeded varieties. As far as foreign countries are concerned, cooking books 
which are in general use and also other literature can contain important data, while 
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one can also keep informed by visiting the countries destined for export. 

The methods of investigation should be as objective as possible. Essentially the 
total consumptive quality is reduced to simple properties which are estimated with 
figures 1 to 10. These figures express in general the rate of occurrence of a certain 
property. In the case of cooked potatoes, we distinguish the properties on dish, the 
structure, the taste and the flavour. To the properties “on dish” belong the “remaining 
whole”, yellowness of flesh, purity of colour and flouriness. 

The figure 10 means the highest grade; for instance extremely floury. The figures 
5-8 are generally considered most desired for the Netherlands as far as flouriness is 
concerned; for export the grades are lower. 

The methods of investigation are still being developed. In some respects good pro- 
gress has been made. For instance, in measuring the softness of the structure of pulses 
a tenderometer is used. A mechanical determination of the softness of skin is also 
being tried out. Both methods are notentirely developed yet, but still figures obtained 
are well correlated with the organoleptic determination. Furthermore, a method to 
express the clearness of liquor of canned peas has been designed. 

Apart from an insight into food customs, it is also important to be informed as to 
the influence of the soil and other environmental factors on the quality. 

Miss VEENBAAS demonstrated samples of three varieties differing in flouriness which 
had been grown on three different soil types. The influence of environment was clearly 
apparent. In practice, the consumer actually chooses a combination of variety and soil. 

The investigation of potatoes comprises: 1) varieties of the so called preliminary 
testing fields (one on clay, one on sand and one on „dalgrond’’)!, 2) varieties that are 
investigated by the Central Potato Establishment at Oostwold (Province of Gronin- 
gen) and 3) varieties of a number of observation fields. A special trial field has been 
laid out for the investigation of green pea-varieties where the varieties are harvested 
in different stages and judged both fresh and preserved. Many varieties from abroad 
are included in this trial. In the case of dry pulses, the varietal investigation concerns 
mainly samples from interprovincial variety trials, but samples of new varieties sent 
in by breeders are also investigated. 

It has been established that quality properties are inherited. Various varieties which 
had disappeared from cultivation and many foreign varieties were investigated in con- 
nection with their significance as parental material. 

lt is now being determined whether or not it is possible to establish the quality of 
a potato variety on the basis of one or two tubers so that a preliminary screening might 
be performed on first and second year seedlings. 


Dik, G. E. van, Enkele eigenschappen van timothee en kropaar in Neder- 
landse graslanden (Some properties of timothy and cocksfoot in Dutch grasslands). 
Notulen Studiekring voor Plantenveredeling (Transactions Netherlands Study 
Centre of Plant Breeding), Wageningen, 1954: 553-561. 


A great variation of properties and forms occur within the grass species. The forms 
can be classed as hay types and pasture types. The hay type (rapid growth, moderate 


!) Soil type in the northern part of the Netherlands which was man-made by reclamation of peat 
soils. The top layer of peat was subsequently covered and mixed with sand. 
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tillering, vigorous stem and seed formation) compares with the hay field; the pasture 
type (better tillering, more leafy, later development in spring, less erect growth, better 
persistency goes with pasture conditions. These two main types can be subdivided 
according to their growth form. 

Cocksfoot is an early, but somewhat coarse grass which shows rapid recovery after 
mowing and some drought resistance. If its high vegetative vigour is not controlled 
it will overgrow its companion species. 

From about 80 fields, 50 rooted sprouts were collected and planted on the nursery. 
As the most important aspects of managements of all fields were known, it was pos- 
sible to study the relationship between plant type and its usage. 

In the case of cocksfoot it was established that the plants from young fields are on 
an average more erect than those of old fields. The difference in young and old is 
obscured by the great variability of the populations. An influence of the management 
on the growth type could not be established. 

Relationship between usage and properties such as leaf development or production 
in spring is still being investigated. 

One hundred and fifty populations of timothy were observed. Timothy is a late 
winter hardy species with a good production in spite of a bad recovery. It shows great 
differences between the hay and pasture types. In general it is more uniform than 
cocksfoot, in some pastures very uniform. The true hay type does not occur in old 
grasslands; in young fields it has apparently originated by sowing, but it does not main- 
tain itself longer than 20-30 years. The response to management is only slight. 

The speaker raised the question as to the significance of the above to the breeder. 

Cocksfoot is only selected for leys and not for permanent pastures. The aim is to 
gain late-heading and leafy plants. These will have to be sought in very old grasslands. 
The diversity of forms in cocksfoot offers still more possibilities. It seems worth while 
to determine what can be attained with types having a more rapid development. 

In the case of timothy, a hay type and a pasture type are used. An important ques- 
tion for the hay type is whether less extreme hay types can be found in our old hay 
fields and how they are suited for our conditions. 

A rigorous selection in commercial seed offers possibilities too. The necessary 
material can be obtained from young pastures where a pre-selection has been made 
during a number of years. The S.V.P.-selections based on hay types from young grass- 
lands gave encouraging results. 

Our old pastures can furnish enough material as far as the pasture type is concerned. 
It does not seem necessary that the type consists of extremely prostrate and late plants. 
Because timothy is a late species, the more rapid growing less prostrate type which 
seems also more favourite for seed production, appears to be most valuable. In the 
case of the S.V.P.-selections, the erect type made a better impression than the extreme 
prostrate type. 
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Toxopeus, H. J., Over het gebruik van wild’ materiaal bij aardappelver- 
edeling (On the use of “wild” material in potato-breeding). Mededelingen van de 
Nederlandse Algemene Keuringsdienst (N.A.K.) 10 (1953/1954): 68-70, 79-80. 


Darwin pointed out the use that might be made of wild related species in breeding 
for resistance to Phytophthora, apparently supposing that special properties might 
occur in one species and be totally absent in others. 

Following this idea several expeditions have been made to Mexico and the Andean 
republics to collect wild and cultivated material for potato-breeding. The largest 
living collection in the world is the Commonwealth Potato Collection, maintained at 
the Potato-Genetics Station at Cambridge. 

As a result of the study of these collections we now know that many valuable cha- 
racters occur in the American material that are absent in the common potato. 

As a consequence of the way in which Sol. tuberosum originated from Sol. andi- 
genum, the last mentioned species as a whole must contain many more genes than 
Sol. tuberosum. 

Thus when the breeder is in need of characters not to be found in Sol. tuberosum 
he has a reasonable chance of finding them in Sol. andigenum, at least when his 
wishes are not too exacting. The same holds true for Solanum andigenum and Sol. 
tuberosum on the one side and the whole complex of wild and cultivated species on 
the other side. 

In Sol. andigenum, genes are found for resistance to Heterodera rostochiensis and 
to slime-disease caused by Pseudomonas solanacearum (murchadeiros, bacterial brown 
rot). Solanum tuberosum does not contain these genes, for no resistant variety has ever 
been found. Apparently they have not been brought over to Europe. 

The genes for resistance to wart disease were transferred to Europe at the time of 
introduction and it is interesting to note, that among the many varieties of Sol. andi- 
genum tested only very few are resistant to the potato root eelworm and to Pseudo- 
monas solanacearum, whilst half of them appeared to be resistant to wart. 

Several wild species display properties very much desired by breeders and several 
breeding projects are conducted in which a wild species is used as basic material. 

Solanum demissum furnishes genes for resistance to Phytophthora and to frost; Sol. 
acaule contains genes for immunity from virus X and is highly resistant to frost. Sol. 
chacoense is used for breeding potatoes resistant to the Colorado beetle and some va- 
rieties of Solanum longipedicellatum are immune from virus Y. 

Conditio sine qua non for the establishment of a breeding programme is the possi- 
bility of crossing the American wild or cultivated species with Sol. tuberosum. In 
most cases these crosses are easy to perform, although chromosome doubling or cros- 
sing with another wild species first is sometimes necessary. 

Most of the characters of the “wild” material used in the breeding programme ap- 
pear to be dominant and for that reason the percentage of resistant seedlings in the 
backcrosses is decisive for the practice of the breeding work as it determines the num- 
ber of resistant plants that can be raised. From these resistant plants the parents for 
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the following backeross or the variety itself must be chosen. It is of prime importance 
to choose parental material of a very high quality in order to maintain as many pro- 
fitable genes as possible in the breeding scheme. The selection for production-capa- 
city takes extra time, but it is judged worth while to spend an extra year as it has ap- 
peared that genes from the ““wild” side may contribute to production quite substan- 
tially. 

In every backcross-generation the seedlings have to be tested for the special pro- 
perties for which the breeding-scheme is set up. The time at which testing is possible 
varies very much. Resistance to Phytophthora can be determined in the very young 
seedling stage, resistance to the potato root eelworm can be ascertained at the root- 
ball of a full grown plant. For wart resistance tubers of the first clonal generation are 
used in the laboratory and with many soil-borne diseases the only method is testing 
in a field experiment requiring so many tubers, that one has to await the second or 
third clonal generation. 

When testing is difficult or when the percentage of resistant seedlings is expected 
to be very high, the breeder selects his seedling for other characters first. 

It is realised that among the derivates of repeated backcrosses of Solanum demissum 
with Sol. tuberosum seedlings occur with a higher production capacity than is found 
among variety crosses. It is apparent that genes from Sol. demissum have been intro- 
duced that combine with those of Sol. tuberosum in a very favourable way. This effect 
stresses the importance of the use of wild material in our breeding work. 

So far wild material is used only when it displays useful and very recognizable 
characters such as resistance to pests and diseases. Whether or not a variety of a wild 
species contains genes that might contribute to production cannot be recognized 
until after using this material in crosses with Sol. tuberosum. For this reason many 
varieties of wild and cultivated species from Mexico and the Andean region should 
be used in test crosses to detect special genes. 
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Dorst, J. C., WIND, J. and GROENEWOLT, J. K., 29e Beschrijvende Rassenlijst 
voor Landbouwgewassen (Twenty-ninth Descriptive List of Varieties of Field 
Crops, with Supplements). Wageningen. 1954, 336 pp. 


The 29th List of Varieties of Field Crops appeared in January 1954. Apart from the 
Dutch and foreign varieties described, the guide contains statistics relative to the 
distribution of the different varieties in the 26 agricultural districts of the Netherlands 
in 1953, and-data for the country as a whole on the acreages under the different va- 
rieties during the last 10 to 20 years. 

A list of translations of crop and species names is added at the end. 

Instead of issuing translations of some separate chapters which has been done 
previously since 1947, reports on varieties will be published in Dutch, English, French 
and German under the name “Zaaizaad Bulletins”, ““Seed Bulletins”, “Bulletins de 
Semences”’ and “Saatgut Bulletins”. 

Bulletins on cereals, pulses and flax have already appeared. Also new varieties 
which are being tested but have not yet been included in the List will be mentioned in 
these Bulletins. 

The List with a separate commentary on the contents in English, French or German 
and the above mentioned Bulletins can be had on application to the Government 
Institute for Research on Varieties of Field Crops (L.V.R.O.), Postbox 32, Wageningen. 


HAAN, H. DE and Merre, L. A. vANf, Wageningen (Netherlands) Centre of 
Agricultural Science, 1954, 116 pp. 


With the aid of this guide any visitor from abroad can find his bearings among the 
many institutes and laboratories of the agricultural centre and obtain an idea of the 
work that is going on. The members of the staffs are named. 

At the end it contains references to Dutch names of the institutions and of the per- 
sons mentioned and a plan of the city, showing the location of the institutions. 

Abroad the guide is used to prepare excursions; the University and institution staffs 
can use it for information for visitors. 

Photos of many of the buildings illustrate the booklet. It can be had on application 
to the Institute of Agricultural Plant Breeding, Nude 66, Wageningen. 


SAKAI, KAN-IcHr, Science of plant breeding. Tokyo, 1952, 342 pp. 


Dit boekwerk is in de Japanse taal gesteld. Het le gedeelte (blz. 5-108) behandelt 
de erfelijke grondslag, het 2e gedeelte (blz. 109-198) de vorderingen en het 3e ge- 
deelte (blz. 199-311) de methoden der plantenveredeling. 

Aan het exemplaar voor de L.v.P-S.V.P. bibliotheek heeft schrijver een uitvoerige 
inhoudsopgave in de Engelse taal toegevoegd. 

Een 2e druk verschijnt in 1954. 
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THIN, G. A. and BRINK, L., Aardappelzaailingen opkweek in kassen (The 
raising of potato seedlings in glasshouses). Meded. N.A.K. 10 (1953/1954) :83-84. 


The authors describe the use of glasshouses in potato breeding. The essence of this 
method is the transformation of potato seed into virus-free clones. When planted the 
following year, these clones produce a much better crop which can be harvested 
earlier and judged more thoroughly because they were grown from tubers. When they 
are lifted early, the clones produce much larger tubers than would be the case if the 
same seedling had been raised from true seed in the same year. The clones can be 
selected more effectively. 


KRONENBERG, HESTER G., Gezondheidsselectie en keuring van aardbeien en 
frambozen in Groot-Brittannië (Selection and certification of strawberry and rasp- 
berry stocks in Great Britain). Mededelingen Directeur van de Tuinbouw 16 
(1953): 406-413. 


In England and Scotland the selection and propagation of strawberries and rasp- 
berries is based mainly on virus tests. To ensure that the mother plants are free from 
virus they are grafted on healthy and very sensible indicator plants. The tests have re- 
sulted in virus free mother plants of several varieties of strawberries and raspberries. 

The nucleus stocks are propagated very carefully, first in aphidproof gauze-houses, 
next on sufficiently isolated Special Stock fields. Along these lines it is possible to lay 
out new production fields of various strawberry and raspberry varieties with material 
that is entirely free from virus. The result is a largely increased production. 

For the virus-free clones a special certificate is issued, the so-called ““S(pecial 
S(tock)” certificate. 


HENDRIKSEN, A. J. TH. and WIETEN, D. TH, Granenproefvelden, gezaaid met 
de „kachelpijp” (Cereal plots sown by the “tube method”). CoCoBro-Jaarboekje 
4 (1954): 56-61. 


In Germany a method of sowing small quantities of seed has been developed by 
Dr A. LeIN of Saatzucht Ferd. Heine at Schnega. In applying this so-called “tube 
method” (Ofenrohr-Methode) small plots can be sown rather quickly. The apparatus 
consists of a metal tube with the following dimensions: height about 30”—-40”, top 
diameter 194”-—20”, bottom diameter 113”. It has one perpendicular and one sloping 
side. In sowing a thin layer of soil of about 1” is first taken away by means of a spade 
with a blade of 11%” wide. 

The resultant tufts have been called “hassocks”. For wheat the optimal number of 
seed per hassock proved to be about forty. The distance between the rows in which the 
hassocks are sown may be 23’, thus allowing movement between the full-grown 
hassocks for observation and crossing purposes. one 

Hassocks are more easily attacked by diseases so that differences in susceptibility 
are more readily demonstrated. They save considerable labour. 
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FAREWELL TO DR R. H. ANDREW, GUEST LECTURER AT THE AGRICULTURAL UNIVERSITY OF WAGENINGEN 


On 11 June 1954, research workers of the Institute and Foundation for Agricultural Plant Breed- 
ing, Wageningen, came together to say farewell to Dr R. H. ANDREW. 


FIG. 1. IN THE FOREGROUND DR R. H. ANDREW, IR J. P. DIJKHUIS (MAIZE BREEDING) AND PROF. DR 
J. C. DORST (DIRECTOR), SURROUNDED BY FELLOW WORKERS 


Prof. Dorst, on behalf of all, thanked Dr ANDREW for the friendship and support in breeding 
research. 

The investigators, the students and the Netherlands maize breeders have been highly benefited 
by Dr ANDREW's stay. The speaker wished him a good home-voyage and much success in his further 
breeding work. He would be very happy to welcome another breeding expert in due course. 

Dr F. P. FERWERDA, chief of the department of maize breeding, thanked for the stimulating in- 
fluence in behalf of maize breeding in the Netherlands and for his introduction of new methods. 
The discussions with Dr ANDREW have been of great value to deepen perception in the problems of 
maize breeding. 


N. G. UitENBURG thanked Dr ANDREW for the linguistic help in behalf of Euphytica, the Nether- 
lands Journal of Plant Breeding. 

Dr ANDREW, in reply, said that his stay at Wageningen University had widened his outlook on 
agriculture to a great extent. 

He hoped to be able to further the cause of plant breeding by facilitating the exchange of plant 
material and acting in an intermediate capacity for the trial of Netherlands varieties in the U.S.A. 
He would be happy to make Euphytica better known and considered the Dutch initiative a good one. 
Euphytica offers an oppertunity to research workers throughout the world of having access to Nether- 
lands breeding work. 

Finally Dr ANDREW said he was grateful for the friendship and aid he had met with everywhere in 
Holland. 
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Fis. 2. Left: Dr R. H. ANDREW; right: Dr F. P. FERWERDA 


AGRICULTURAL RESEARCH IN THE NETHERLANDS 

The speech on the significance of agricultural research by the Minister of Agriculture, Fisheries 
and Food, S. L. MANsHoLT, in the Wageningen theatre on the 25th of June 1954 was well attended. 

Though speaking in general terms, there is a good reason to mention it here because the speech 
was held on the occasion of the official opening of new laboratories named the Foundation for Agri- 
cultural Plant Breeding (S.V.P.), the Government Institute for Research on Varieties of Field Crops 
(LV.R.O.) and of a new wing to the State Seed Testing Station. 

The Minister said that in agricultural research lies the basis for agricultural development. In the 
Netherlands agricultural research has always been looked upon as a basis for general improvement 
in prosperity. 

Agricultural development is also necessary for the creation of prosperity in countries where desti- 
tution is still prevalent and prosperity in its turn is indispensable for the retention of political rest 
and the maintenance of peace. 

In the furtherance of agricultural research it remains essentially the same whether it concerns un- 
reclaimed regions and underdeveloped parts of the world or the enhancement and improvement of 
the production of one’s own country with a highly developed agriculture, it being only a matter of 
relativity. 

Our institutes, and so the new ones that have just been opened, are located in the Netherlands 
territory; but we shall be proud when they can render services far beyond our own boundaries. 
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Integration in research and science is an essential condition for nations who must work together. 
He said that centralization at Wageningen was necessary as far as general problems are concerned, 
though centralization again should be considered a relative conception. Taking Western Europe as a 
whole, it might be seen as decentralization. 

Besides the central institutes at Wageningen, the Minister considered regional institutes, trial 
farms, and experimental gardens of importance. They must feed Wageningen and give research 
workers an opportunity to be drafted. 


On the occasion of a press conference, Dr THORENAAR communicated some details about the cost 
of agricultural research in the Netherlands and the financial support from business life. 

The cost _of investigation in horticulture amounts to 0.7 % of the gross income; for field crop 
husbandry and grasslands 0.5 %. 

Agricultural Research in the Netherlands costs 21 million guilders, the gross yield is 4221 million 
guilders. 

From the 6.6 million guilders for research in behalf of field crop husbandry and grassland the 
Marketing Boards contribute 0.75 million guilders. 

Percentages diverge for the separate crops. The potato in the Netherlands yields a gross amount of 
350 million guilders, while the annual cost of investigations can be fixed at 1 million guilders. 

A duplication of this sum would be appropriate. 


In Euphytica 2 (1953): 237, a photo was printed showing the new building of the Foundation for 
Agricultural Plant Breeding (S.V.P.). 
Here follow some data relating the Institute for Research on Varieties of Field Crops (I.V.R.O.). 


THE GOVERNMENT INSTITUTE FOR RESEARCH ON VARIETIES OF FIELD CROPS (L.v.R.O.) MOVED TO ITS 
NEW BUILDING 


The Netherland’s centre of agricultural science, Wageningen, has grown considerably in recent 
years. This was in part due to development of the Agricultural University, but also because of foun- 
dation of a number of autonomous institutes. There are now 30 autonomous institutes, mostly 
located in separate buildings, like the 25 departments of the Agricultural University. 

During the war and the years of recovery (Wageningen was badly damaged and its inhabitants 
were twice obliged to evacuate) it was not possible to meet the need for laboratories and other 
buildings. Happily the circumstances are now such that well-equipped laboratories and buildings 
can be constructed. 


We are happy to be able to report that the IL.V.R.O. (Director: Ir J. K. GROENEWOLT, Acting 
Director: Dr F. E. Nispam) is past the period of temporary housing in a shop and a neighbouring 
storehouse; the whole institute is now located in a modern building. 


FIG. 1. EXPERIMENT FARM OF THE GOVERNMENT INSTITUTE FOR RESEARCH ON VARIETIES OF FIELD 
CROPS (L.V.R.O.) 
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When the L.V.R.O. was founded in 1942, part of a property north of Wageningen was bought by 
the Government on behalf of that institute. After a thorough reclaiming it could be mâde suitable 
for trials. 

Though they performed their task in a model fashion, nothwithstanding the unsatisfactory housing 
in the years 1942-May 1954, it need no be said that all fellow-workers had been anxiously looking 
forward to the day when they could be housed in a modern building. 


Fia. 2. THE NEW LABORATORY OF THE I.V.R.O. 


The activities of the I.V.R.O. comprise: 

1. By order of the Board for the Plant Breeder’s Right varieties submitted to the Board for registra- 
tion are studied in order to ascertain whether such varieties are new and stable. 

2. On behalf of the Government Committee for the Compilation of the List of Varieties of Field 
Crops experimental work is undertaken and data are gathered concerning the agricultural value 
of field crops, as foundation for the composition of the annual Descriptive List of Varieties of Field 
Crops, edited by this Committee. 

3. Research on varieties of field crops in cooperation with other agricultural institutions. 


The Editorial Board of Euphytica intends to publish in a following issue some articles which give 
an impression of the way research on varieties in the Netherlands is carried on. 
The first article of the series is now in preparation by Dr F. E. NIJDAM. 


INSTITUTE FOR POTATO BREEDING FOR THE NETHERLANDS POTATO-MEAL INDUSTRY 

In 1954 the joint potato meal industries of the Netherlands formed an Institute for Potato Breeding. 
This Institute is provisionally established at Borgercompagnie (near Veendam, province of Gronin- 
gen). The executive powers are vested in Ir N. O. ROOKMAKER. 

The secretary address is: W. A. Scholtenweg 12, Foxhol (Gr.). 
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Ir J. BEKENDAM has been appointed crop spe- 
cialist for tobacco at the Institute of Horticul- 
tural Plant Breeding at Wageningen, in succes- 
sion to Ir K. SzTEYN, who left Holland on April 
24th to take up a post in Indonesia. The latter 
has joined the Indonesian branch of Moorman 
Company Ltd, Amsterdam, provisionally for 
a term of two years. 


Ir G. Crey-has been appointed on May Ist 
1954 as geneticist at the Foundation for Agri- 
cultural Plant Breeding, Wageningen. 

Breeding for tolerance to yellows in fodder 
beets will be his main objective. 


Ir D. J. Gras has been appointed on May 1954 


as geneticist at the Fa. D. J. van der Have, Royal 
Seed Growers & Merchants, Kapelle-Biezelinge. 
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Ir J. A. Huyskes has been appointed crop spe- 
cialist in leafy vegetables at the Institute of Hor- 
ticultural Plant Breeding, Wageningen, in suc- 
cession to Ir J. SNEEP, who left the Institute of 
Horticultural Plant Breeding to become Director 
of the newly established Vegetable Research 
Station (vegetable growing in the open) at Alk- 
maar. 


Ir J. W. SIEBEN, statistician at the Foundation 
of Agricultural Plant Breeding, Wageningen, 
has been appointed at the Philips Concern, 
Lighting Group, Eindhoven, with effect from 
1 July 1954. 


PLANT BREEDING ABSTRACTS 


Plant Breeding Abstracts is a quarterly journal containing abstracts of current literature 
throughout the world. All publications having a direct or indirect bearing on the breeding 
of economic plants are mentioned. A large section is also devoted to the genetics of micro- 
organisms such as fungi, bacteria and viruses. 

A special feature of Plant Breeding Abstracts is that works published in the more unfamiliar 
languages are abstracted extensively, so that readers are able, for instance, to follow the 
contributions of Japanese investigators to genetical and cytological theory, and to the 
improvement of special crops such as rice; and more controversial issues such as the 
recent discussions on genetics in the Soviet Union. During the last two years abstracts, in 
English, of articles written in some thirty different languages have been published. 
Readers are kept up to date concerning recent developments by two further sections: 
Book Reviews, and New Journals. 

An author and classified subject index are included in the subscription price for each volume. 
Plant Breeding Abstracts is produced and edited by the Commonwealth Bureau of Plant 
Breeding and Genetics, School of Agriculture, Cambridge, England on behalf of the 
Commonwealth Agricultural Bureaux, Farnham House, Farnham Royal, Nr. Slough, 
Bucks. Subscription rates are 60 s. per volume (with subject index), less 20% to subscribers 
in the British Commonwealth (other than recognized booksellers) who send their sub- 
scriptions direct. Orders may be placed through booksellers or sent to: 


Commonwealth Agricultural Bureaux, Farnham Royal, 
Central Sales Branch, nr. Slough, 
Farnham House, BUCKS, England. 


Netherlands Journal of Agricultural Science 


Quarterly Journal Edited by: 
NEDERLANDS GENOOTSCHAP VOOR LANDBOUWWETENSCHAP 


Some Articles having appeared in Volume I (1953) or forthcoming in Volume II (1954): 


Agricultural value of awns in cereals 

Ionic exchange interrelations in soils and crops 

Effect of spacing and thinning on the yield of Cinchona 

Greffes de la branche dans la culture du caféier robusta 

Reclaiming land flooded with salt water 

Cost accounting and farm management analysis in the Netherlands 

Drainage problems in the Netherlands ‚ 

Analysis and interpretation of aerial photographs in soil survey and land 
classification Ì 

The Lelydorp plan, a project of agricultural development in Surinam 


Annual subscription price: Dutch guilders f 16— (£ 1.10 or $ 4.25). 
The journal is issued four times a year in annual volumes of about 300 pages. 


For particulars on specimen copies or subscriptions write to: 
Dr J. ADOLPHINE FRAHM-LELIVELD, Postbox 27, Wageningen, Holland 
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